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Positive temperature coefficient of resistance (+0.7%/°C) plus a constant rate of chi 


Sensistor silicon resistors further stabilize temperature-induced variations in 
transistor characteristics . .. compensate for base-emitter bias voltage vs. 
temperature characteristics of transistors. 


Sensistor silicon resistors are ideally suited for your temperature sensing and 


for temperature compensating type applications in amplifiers . . . computer 
switching circuits . . . servos .. . power supplies. 


For your next temperature compensating or sensing requirement, specify a 
sensistor silicon resistor, the resistor with a positive temperature coefficient of resis- 
tance plus a constant rate of change. 
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If you're involved with encapsulation, this is 
a dream come true. Here, in one complete, 
low-cost kit, EPOXY PRODUCTS provides all the 
materials and data needed to test their new 
epoxy encapsulation procedures and materi- 
als—right in your own laboratory, on the very 
components you are handling. 

You get a variety of epoxy “E-Case” shells, 
“E-Form” pellets, powder, liquid and hardener, 


| 
ol 
| 


epoxy sheet, and a comprehensive instruction 
manual...all you need to encapsulate com- 
ponents in a number of new, different ways. 
Best of all, when you've established the right 
encapsulation method, it is immediately trans- 
ferable to production line applications. And 
everything in the kit is available in production 
quantities. Order your test kit from your local 
distributor; or from: 


PRODUCTS, INC. 


A DIVISION OF JOSEPH WALDMAN & SONS 


137 Coit St., Irvington, New Jersey 
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Reverse Current (uAdc) max. 
at indicated volts 


For all types 
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Front Cover 
The front cover this month shows the original point contact transistor an- 
nounced by Bell Telephone Laboratories on July 1, 1948 and the three 
men responsible for the discovery of the transistor. Dr. Shockley is presently 
the Director of the Shockley Semiconductor Laboratory, a division of Beck- 
man Instruments, Inc. Dr. Brattain is now engaged in research connected 
with the physics of semiconductor surfaces at Bell Telephone Laboratories, 
and Dr. Bardeen is with the Department of Physics at the University of 
Illinois, Urbana, Illinois. We, at Semiconductor Products Magazine, want 
to take this opportunity to congratulate Drs. Shockley, Bardeen and Brattain 
on this, the 10 Anniversary of the Transistor, and to wish them many more 


happy and fruitful years. 


PRODUCTS is published bi-monthly by Cowan Publishing Corp. Executive and Editorial 
See iy Weck 43rd Street, Nae York 36, N. Y. Telephone: JUdson 2-4460. Subscription Price: $3.00 for 
6 faves $5.00 for 12 issues in the United States, U. S. Possessions, APO, FPO, Canada and Mexico. All 
olen 6 issues $4.00; 12 issues $7.00. Single Copy 75¢. Accepted as controlled circulation publication at 
Bristol, Conn. Copyright 1958 by Cowan Publishing Corp. 


POSTMASTER: SEND FORM 3579 to SEMICONDUCTOR PRODUCTS, 
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* Maximum Available Gain @ 455KC {| Maximum Available Gain @50mw, 9 volts, 1KC 
+ Conversion Gain @ 1640KC § Maximum Available Gain @ 1mw, 9 volts, 1KC 
+ Maximum Available Gain @ 250 mw, 9 volts, 1KC ** Grounded Emitter 


U1 Maximum Available Gain @ 2 mc 


>> Maximum Junction Temperature is 85°C. All types are hermetically sealed in JETEC #30 welded case. 
The maximum allowable collector current is only limited by the maximum allowable transistor dissipation. 


35-10 36th Avenue, Long Island City 6, N. Y. * EXeter 2-8000. 
Cable Address: Trandustro * Telegraph: FAX © Teletype: NY 4-2678 
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Sditorial ... 


ansistor’s Tenth Anniversary 


Ten years ago, on June 30, 1948, the first demon- 
ation of the Transistor was made by Bell Telephone 
aboratories. The key investigations which brought 
e transistor to reality were carried out by Dr. John 
ardeen and Dr. Walter H. Brattain. The general 
search program leading to the transistor was ini- 
ated and directed by Dr. William Shockley. Since 
at time these three scientists were honored with the 
obel Prize for this work and the industry has grown 
a point where, for the year 1957, sales of semi- 
onductor diodes and transistors reached a 142 million 
ollar total. The climb in such sales has been a steady 
me and according to universal opinion will continue 
0 be steady, reaching the billion dollar mark between 
960 and 1970. It must be emphasized that these fig- 
res pertain only to the devices themselves, and not 
o the complementary components which, together 
ith these devices, make up various equipments. 
reat strides have been made in these ten years 
n perfecting materials, devices and manufacturing 
rocesses, and human ingenuity is proceeding at a 
apid rate towards applying these devices in ever- 
widening fields. In addition, the advent of semicon- 
ductors has given rise to parallel development in 
related component development, particularly in the 
= of miniaturization, where transistors are unique 
their application. 

Tremendous strides have been made from the point 
of view of basic materials not only in manufacturing 
germanium and silicon with smaller impurity per- 
centages but in augmenting these intrinsic materials 
with an increasing number of intermetallic con:- 
pounds with properties that increase the temperature, 
frequency, and power handling capabilities of semi- 
conductor devices. Intrinsic silicon is now made with 
an impurity content of less than 1 part in 6 billion 
parts of silicon. Silicon carbide devices are now oper- 
ating at temperatures of over 500° C. 

Many new devices are constantly being announced 
reflecting the trend towards higher power and higher 
frequencies. The frequency frontier is now well over 
1000 me. The power handling capabilities of transis- 
tors extends into the KW regions. R-F power handling 
capabilities is approaching 1 watt at 100 mc. The 
switching speeds of silicon transistors now extend to 
within the 30 to 50 millimicrosecond range. We begin 
to hear more and more of devices like 4-Layer Di- 
odes, Microalloy Diffused Base Transistors, Transistor 
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Tetrodes, Dynistors, Trinistors, Triode Diffused Base 
Tetrodes, Spacistors, Unijunction Transistors, Sili- 
con Controlled Rectifiers, Shift Register Transistors, 
Sensistors (a semiconductor resistance device), and 
others which space restrictions do not allow us to 
mention. 

From the point of view of applications, both present 
and imminent, an impressive array presents itself. 
These include computer information processing and 
switching, AM and FM radios, car radios, transistori- 
zation of test equipment, power supplies, transistor- 
ized d-c to d-c inverters, power transmission applica- 
tions, two-way communications systems, TV receiv- 
ers, automobile electrical and fuel injection systems, 
controls for machinery, and atomic radiation meters. 

The promise and glamor of this new industry con- 
stantly invites enterprising individuals to enter the 
field of manufacture. The industry is young and isn’t 
sewed up by a far cry. Of those undertaking the risk, 
many will fail and some will succeed. The primary 
factors entering into the success of such an under- 
taking are competent personnel and good planning. 

The future of this industry is sparked by the prom- 
ise of an untold number of materials yet to be discov- 
ered, devices to be developed, manufacturing proc- 
esses to be invented and applications to be exploited. 
We may conclude by pointing out that all areas of 
human endeavor can be, and eventually will be, 
served by semiconductor devices in one form or 
another. 


Giving Credit where Credit is Due 


Our charts on currently-announced diodes and rec- 
tifiers, and transistors are meeting with favorable 
comment from the industry. We attribute the success 
of these charts in a great degree to the amount of 
informational items we are able to include within 
the format of the physical dimensions of the maga- 
zine. Giving credit where credit is due, we wish to 
thank the following individuals for their technical 
help in designing the chart layouts: Richard Keller— 
General Electric, Robert Hammann—Sylvania, Mar- 
ian Magargal—Lansdale Tube (Philco) , Ted Finger— 
General Transistor, Bernard Reich—U.S. Army Sig- 
nal Corps, Henry Tulchin—Derivation & Tabulation 
Associates (DATA), Jack Gillette—Raytheon, Bob 
Sollinger, Jr.— General Electric, Paul Petrack — 
I. T. & T., Walter Bonner—I. T. & T., Steve Klevans— 
Automatic Mfg. Div. (General Instrument), Ed Van- 
deven—General Electric. 


Samuel L. Marshall 


LEARN SEMICONDUCTOR 


ELECTRONICS AT HOME 


GAIN VALUABLE, COMPREHENSIVE 
LEARN BY KNOWLEDGE FROM BASIC THEORY 
DOING WITH THROUGH ALL IMPORTANT APPLI- 


OMPLETE 

sti MPLETE CATIONS WITH THE MOST C 

— i Lat ie AND AUTHORITATIVE CORRESPOND- 
“s TRA ENCE COURSE ON TRANSISTORS 


KIT EVER OFFERED. 


Learn Theory, Construction and all im- 
portant applications of all major types of 
transistors—Junction, Point Contact, Surface 
Barrier and many related types—with this 
Get practical experience, learn faster advanced correspondence course specially 
and easier. Conduct 18 experiments developed for engineers and experienced 
with this complete training kit which technicians now engaged in Design, Instal- 
foc schadedcwith oka course Mala lation, Maintenance and Manufacture of 
Amplifiers, Oscillators, Multivibra- electtonics equipmcal sta. 

tors, Pulse Circuits, AM Receivers, as 

well as Computer Circuits such as SPECIALLY DEVELOPED AND PRE- 
“And”, “Or” and “‘Carry’’. PARED BY THE PHILCO TECHNO- 
LOGICAL CENTER FOR PRACTICAL 
WORKING KNOWLEDGE. 


SEMICONDUCTOR ELECTRONICS Acquire a thorough and practical working 


COMPLETE RADAR 
AND ANALOG 
COMPUTER COURSES 
ALSO AVAILABLE 


Basic Radar 

“Principles of Radar Circuits 
and Equipment.” 

Advanced Radar 


“Radar Systems Principles and 
Practices.” 


Basic Analog Computers 


“Introduction to Analog Com- knowledge of semiconductors from this 
Daren pie pe IS GROWING RAPIDLY... course specially developed for industrial and 
Advanced Analog Computers KNOWLEDGE IN THIS FIELD field engineering applications by the Philco 


Technological Center, a department of the 
Philco TechRep Division which has trained 
many thousands of electronics specialists 
for armed forces, government and industry 
all over the world ...and knows not only 
the field itself, but knows from working ex- 
perience what type of training is best for you. 


“Analog Computer Systems.” 


IS VALUABLE TO YOU! 


Mail Coupon Today for 
Detailed [nformation of Course 


Level and Materials / 
(NO OBLIGATION) 


AUTHORITATIVE TEXTBOOK PLUS 
L HUNDREDS OF PAGES OF MATERIALS 
THE PHILCO TECHNOLOGICAL CENTER wy NEVER BEFORE OFFERED. 


PE Cae oe Pass fe ecleele ea Eg: ae "Learn easily from authoritative subject mat- 
Please send detailed course information on the courses which | have checked below. « ter presented ina practical easy-to 
meas ; -to- 


[.] SEMICONDUCTORS —Course #103, “Transistor Principles and Practices" d d es cele lr 
[| BASIC RADAR—Course #100, "Principles of Radar Circuits and Equipment" UNE CESARE ABT tes Rees he ustrated 
[] ADVANCED RADAR—Course #101, "Radar Systems Principles and with pictures, graphs and drawings. 


Practices” : 

al ope ANALOG COMPUTERS—Course #104, “Introduction to Analog | 
omputers” . 

[] Boece ANALOG COMPUTERS—Course #105, “Analog Computer ee P i § L t e= fe ) 
ystems” - 

Gie TECHNOLOGICAL 

joe CENTER 


22nd and Lehigh Ave. 


CITY. Philadelphia 32, Pa. 


STATE 
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Today’s emphasis on advanced transistor technology 
and solid-state devices and materials has opened up 
new opportunities in research and development at IBM. 


So broad are IBM’s activities in the electronic com- 
puter field that a properly qualified applicant finds 
the widest variety of research and development assign- 
ments available. Which of these areas, now open at 
IBM laboratories at Endicott, Poughkeepsie, and York- 
town, New York, offers the kind of career you want? 


Solid-state physics Physical chemistry 
Semi-conductor devices Magnetic devices 
Analytical mechanics Circuitry application 
Mathematics, topology Reliability studies 


Qualifications 


Degree in electrical, mechanical or chemical engineer- 
ing, physics, engineering physics, mathematics, metal- 
lurgy or chemistry, and 


Proven ability to assume a high degree of technical 
responsibility in your sphere of interest. 


FOR DETAILS, just write, outlining background and 
interests, to: 
Mr. R. A. Whitehorne, Dept. 682Q 
Mgr. of Technical Recruitment 
International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 


IBM is a recognized leader in the rapidly expanding 
electronic computer field with a stable balance of 
military and commercial work. You will find exceptional 
opportunities for technical achievement and growth at 
IBM. Original developments and publications will un- 
doubtedly stem from your work. Salaries are excellent. 
Liberal company benefits set standards for industry. 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 
SPECIAL ENG'G., PRODUCTS 
SUPPLIES 

TIME EQUIPMENT 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, 
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif. 
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New fixed-bed mounting 


G6 eral Electrie Semiconductor N ew 


withstands 


Photomicrograph of the transistor showij 
the fixed-bed construction. Critical 


ments are like a solid block in their 


sistance to impact, with no suspended pag 
to be shaken loose. 


New data on the silicon Unijunction transisto 


EmirTER CHARACTERISTIC 
Type 2N493 
S/LICON UNAJUNCTION TRANSISTOR 


Vea: 
(vous) 


Vee-30V — Veg.20v Vee lOv 


5 10 15) 20, °25) *305235| “4045150 


Tg Cmnciampencs ) 


SPECIFICATIONS 
OF THE SIX SILICON 
UNIJUNCTION TYPES 
Absolute maximum 
ratings (25°C) 
RMS power dissipation 
350 mw 
RMS emitter current 
50 ma 
Peak emitter current 
2 amps 
Emitter reverse 
voltage 60 volts 
Operating temperature 
range —65°C to 
150°C, 
Storage temperature 
range — 65°C to 
200°C. 


The unijunction, features open-circuit-stable negative resistance charae 
istics. In switching and oscillator applications, one unijunction not ¢ 
does the work of two transistors with less circuitry, but the circuit is 
more stablé over a wide temperature range. 


To help you in your use of the unijunction, a new series of curves: 
been developed as shows’ It points up emitter characteristics at diffe: 
base-to-base voltages. The unijunction is also the first G-E transistor ts 


converted to the new impact-resistant Fixed-Bed Mounting process 
described above. 


Please send for complete data on the six unijunction types — sam 
circuits, theory and specifications. 


YOUR G-E SEMICOND i TOR SALES REPRESENTATIVE will be glad to 
give you further information and specifications on General Electric tran- 
sistors and rectifiers. Spec sheets, bulletins, and other data can also be ob- 


tained by writing Section’ 38458 Semiconductor Products Dept., General 
Electric Company, Electronics Park, Syracuse, N. Y. 
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remendous impact and vibration 


CLUB TEST” General Electric transistors with Fixed-Bed Mounting 
en struck full force with a No. 2 Iron. After traveling forty yards, tests 
they still worked perfectly. 


neral Electric’s new Fixed-Bed Mounting, critical ele- 
of the transistor are welded flat on a disk of ceramic. 
any impact must be great enough to damage the disk 
before transistor failure can occur. In conventional 
ds of manufacture, impact need only penetrate the 
stors metal case in order to damage the standard 
ht header. 

sause of their many suspended parts, standard upright 
rs are also subject to inertial stress at a number of 
s. General Electric’s Fixed-Bed Mounting eliminated 
it one of those parts—the suspended aluminum emitter 
And this is provided with enough slack to absorb 
al stress, with connection points so securely welded 
the unit withstands far more than the military cen- 
xe test of 20,000 G’s. 


“JACKHAMMER TEST” Another G-E transistor with Fixed-Bed Mounting was 
taped to a pneumatic drill, which was then operated for ten minutes. When 


the transistor was removed, tests showed it still worked perfectly. 


Ceramic disk guards against major causes of transistor failure 


To eliminate thermal stress, the coefficient of expansion 
of G.E.’s ceramic disk has been made equal to that of the 
semiconductor metal. Previously, enough “play” had to be 
allowed to absorb alternate expansions and contractions, 
thereby reducing the strength and stability of the unit. 

The Fixed-Bed Mounting’s electrical elements lie flat, in 
close contact to the transistor case, providing greater heat 
conduction out through the case. Therefore, the fixed-bed 
construction cuts down junction temperature, making it 
possible to double the power dissipation of the same tran- 
sistor made with upright-header construction. 

Fixed-Bed Mounted units have exceeded all standard 
shock, centrifuge and temperature-cycling tests. General 
Electric’s unijunction transistor (see below) now has this 
feature. 


aw G-E Controlled Rectifier rectifies and 
mtrois current up to 5S amperes at 300 v. 


General Electric’s new silicon controlled rectifier acts like a thyratron. In the reverse 
direction, it’s a standard rectifier. But it will also block forward current until either a 
critical breakover voltage is exceeded or a signal is applied to the third lead. Then it 
switches to a conducting state and acts as a forward-biased silicon rectifier. 


CATHODE 


The controlled rectifier can be actuated by a little as 15 mw. Breakdown occurs at 
speeds approaching a microsecond, after which voltage across the device is so low 
that current is determined by the load. This enables the user to control a large anode- 
to-cathode current with an extremely small amount of power, or to switch power from 
high impedance to low impedance in microseconds. 

Applications include replacement of relays, thyratrons, magnetic amplifiers, power 
transistors and conventional rectifiers. Sample quantities of the controlled rectifier 


ntrolled rectifier is a four-layer silicon 
with a “gate” to which a signal can be 
| to control forward current. It can handle 
an one kw of power. 


are now available. Prices will be sent on request. 
A FEW SEMICONDUCTORS IN A HURRY? 
your local G-E distributor first. You'll find his 


y, service facilities and prices are hard to beat. 96) 
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Leading manufacturer 
of fine chemicals 
offers 

single-crystal and 
olycrystalline silicon. 


© Merck & Co., Inc. 


The checking of silicon refining via the floating zone technic 
is but one of the many process checks made in the manu- 
facture of polycrystalline silicon. 


Critical quality control and rigid specification standards are 
maintained through regular testing. Here a Merck technician 
pulls a silicon crystal prior to test that will assure uniform 


The critical specification of silicon materials is their purity— 
purity that will not limit the performance of present and future 
semiconductor devices. Merck is now manufacturing the purest 
prade of silicon available. 

Long-established and world-renowned for its manufacture 
of products that must be pure—products that demand the 
ultimate in quality control—Merck is eminently suited to 
launch its program of products for the electronics industry. 


Single crystals are currently available in the following form: 


1000 ohm cm. p type 
200 microseconds 


Resistivity Min. 
Lifetime Min. 


in the near future, single crystals will be available also in a 
variety of resistivities from the highest purity 1000 ohm cm. p 
or h type minority carrier to any intermediate resistivity up to 
30 ohm cm. + 20% over entire crystal. 

All single crystals are prepared from extremely pure Merck 
silicon. The crystals are grown without contact with quartz or 
any other crucible material. Thus, they possess extremely low 
oxygen concentration and should exhibit very little heat treating. 


[In addition to the single crystals described above, Merck 
silicon polycrystalline is available in the form of billets of high 


product purity, quality, and dependability. 


density material. The billets are under one inch in diameter 
and are in suitable lengths so that two or three billets, without 
additional cutting or etching, will fit into the average crucible 
for crystal pulling. Other lengths will be available in the future 
for floating zone refining (vertical crystal growing). Merck 
polycrystalline billets have not previously been melted in 
quartz so that no contamination from this source is possible. 
Billets are shipped in double-walled polyethylene bags for 
protection. 

At present, the polycrystalline material contains a small 
concentration of a Group V element which segregates rapidly 
in zone refining. No other elements, such as tantalum, gold, 
zinc, iron, manganese, molybdenum, potassium, sodium, bis- 
muth, and cobalt, appear to be present even when tested by the 
most sensitive analytical technics such as activation analysis. 


A completely equipped and staffed laboratory is being main- 
tained at the Electronic Chemicals Division to aid customers 
in the use and applications of Merck ultra-pure silicon. 

For additional information on specific applications and 
processes, write Merck & Co., Inc., Electronic Chemicals 
Division, Department ES-1, Rahway, New Jersey. 
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At Hughes, the technique of multiple unit packaging has been perfected to an 
extent never before achieved. Now specific circuit configurations can be 
housed in any one of four Hughes packages. Each has its own advantages but 
all offer one prime advantage—convenience. 


Many individual parts are reduced to a single component—solving a spare 
parts problem for matched units by eliminating the chance they will become 
separated; circuit design and installation are simplified; and space problems 
are minimized by the unusual compactness of Hughes multiple unit packaging. 


With these features Hughes combines the ability to adjust to a wide range of 
individual requirements, while providing a completely satisfactory assembly. 


* GPEC/AL 
PACKAGING 
FOR DIODE 
ASSEMBLIES 


ENCAPSULATED PAIR METALLIC OCTAL SOCKET 


-468" x 312" x .2” 
ENCAPSULATED 9-PIN 
ENCAPSULATED QUAD MINIATURE 


570" XO Xe Oe 
Both are plug-ins intended primarily 
These two Hughes solder-in units can 


house either matched or unmatched 


can be adapted to contain special cir- 
diodes in a variety of different ways. 


cuit configurations. 


Applications: Full wave rectifier—bridge rectifier—modulator—demodulator—phase 
detector—and many others. 


For literature, write: HUGHES PRODUCTS, Semiconductor Division, International Airport Station, Los Angeles 45, Calif. 
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as direct tube replacement, and both — 


artes ieee on high purity graphite 


parts for all phases of semiconductor processing 


The above photograph gives some indication of the 
rapid progress being made in the production of graphite 


parts for semiconductor processing. 


In this interesting field, as illustrated, the tool maker’s 
microscope is as important to graphite parts production as is 
the slide rule in engineering. At United, matchlessly machined, 
high purity graphite is produced for all phases of semicon- 
ductor processing: reduction and refining boats . . . crystal- 
pulling heaters and devices . . . fusion jigs and components. 


WRITE us today on your 
semiconductor graphite 
parts needs or problems 
—no obligation, of 


oat CARBON PRODUCTS CO. INC. 


P.O. BOX 269, 


Whether you need one, or one million, parts . . . a minute 
component or an extra large boat ... United is eager to 
supply you with products of precision, machined to any 
desired tolerance and purified by United’s exclusive 
refining process—making it the purest available today. 


Your complete satisfaction is assured by United’s rigid 
quality controls . . . plus a reputation for high purity 
graphite parts that are the standard of the world. Our 
technical service department is at your immediate call. 


BAY CITY, MICH. 
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Hole Storage Delay Time and Its Prediction 


C. D. SIMMONS* 


Transistors are often operated in the saturated condition in switching circuits because of 
the low series resistance, low dissipation, and immunity from transistor parameter variation 
this type of operation affords. There is a charge storage phenomena connected with this 
type of operation which results in a finite time delay when the transistor is turned off : y 
is the purpose of this article to describe and define this effect and then to derive a single 
criteria for the prediction of this time delay. Experimental data is then presented and the 


utility of the method discussed. 


ATURATION may be defined using the circuit of 
rv 1, As the base current, Iz, is increased from 

zero, the collector current will increase until 
the voltage drop across the load resistor approaches 
the battery voltage. At this point, the collector to 
emitter voltage approaches zero. Further increases 
in base current will not increase the collector 
current materially. When this condition is reached, 
the base-to-emitter voltage is larger than the col- 
lector-to-emitter voltage so that the base is more 
negative than the collector (p-n-p transistor is as- 
sumed). This means that the collector-to-base diode 
becomes forward biased as the collector current 
nears its limit value. The transistor is said to be 
in saturation or “bottomed” when it is operated such 
that the collecter-to-base diode is forward biased. 
A simpler, but less exact, definition is that a transistor 
is in saturation if more current is caused to flow in 
the base than is required to maintain the collector 
current at the value determined by the circuit. Since 
the collector voltage will be almost zero, the saturated 
collector current will be approximately: 


I Lee (1) 
Cg en: 

PleeBin 

The base current which would be required to just 
maintain this collector current is 


Izs = — ) (2) 


0 


where { is the grounded emitter current gain “at 
the edge of saturation,” which means that it is the 


*Chief Applications Engineer, Lansdale Tube Co. Division of 
Philco Corp., Landsdale, Pa. 

*J. J. Ebers and J. L. Moll, “Large-Signal Behavior of Junc- 
tion Transistors,” Proc. of the IRE, Dec. 1954. 

“John L. Moll, “Large Signal Transient Response of Junction 
Transistors,” Proc. of the IRE, Dec. 1954. 
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current gain when the collector voltage is such that | 
the collector-to-base voltage is zero. Since, in satura- 
tion, the base current is greater than the value given | 
by (2), we may define an excess base current as: 


Ipx = Ip — Ips. (3), 

If the transistor of Fig. 1 is provided with some - 
excess base current and if the base drive conditions : 
are then changed so that the transistor would no | 
longer be operated in the saturated condition, it | 
will be observed that the collector current will not | 
fall immediately. For example, if a scope is con-- 
nected to the collector of a saturated transistor ' 
and then the base circuit is abruptly opened, the - 
delay effect shown in Fig. 2 will be observed. The : 
time delay between the opening of the base cir-- 
cuit and the start of the fall (10% down) of the 
collector current is defined as the hole storage delay 
time, ts. It will be found that this time is a function | 
of: (a) the excess base current which was provided 
prior to turn-off, (b) the way in which the transistor | 
is turned off, and (c) the geometry of the transistor | 
used. Because of the many advantages gained in 
switching circuits by using the transistor in its satu-. 
rated mode, it is desirable to be able to predict the 
storage time of a given transistor in a particular 
circuit. 

Ebers and Moll! have analyzed an ideal transistor | 
and Moll? has derived an equation for the hole stor-. 
age time under a number of simplifying assumption 
which include the assumption that the transistor is 
linear and non-variant. These assumptions permit a. 
simplified mathematical treatment of the problem 
without seriously affecting the accuracy of the result. | 
Moll has pointed out that since the transistor is as-_ 
sumed completely linear, the saturated transistor may 
be considered as two parallel unsaturated transistors 
connected back to back as shown in Fig. 3. 

We have already pointed out that the collector is 
forward biased when the transistor is saturated, so 
that it will act as an emitter as well as a collector. The 


nitter, which is forward biased, will also collect as 
| ell as emit. Using Fig. 3, we will identify In; as the 
arrent injected at the emitter, Icr as the current 
Sollected at the collector, Icy as the current injected 
t the collector, and Ip as the current collected at the 
nitter (these symbols are Moll’s). Since the external 
irrents are determined by the circuitry when the 
‘ansistor is operated in saturation, the following 
quations must hold: 


I¢ = Icr — Icr, (4) 
Tz = Izy — Inzp, (5) 
In = Ic + Iz. (6) 


ince we have assumed the transistor to be completely 
near, we may also write 


Icr = ar Inp, (7) 
Izr = ar ler, (8) 


here ay is the normal grounded-base, low-frequency 
urrent gain of the transistor (in the forward direc- 
ion) and az is the grounded-base current gain in the 
‘everse direction (inverted connections). Each of 
hese a’s has an alpha cutoff frequency associated 
with it (frequency at which a has dropped 3 db) 
hich we shall designate fay and far respectively. 
Moll has shown that, in the common emitter con- 
rection, the hole storage time is given as 


far + far Tri ra Ip 
ts = 3 n ; 
: 2a far far (l—arar) Ips — Ize 


where Ip, is the base current prior to turn-off, Ips 
is given by Equation (2), Ip. is the base current dur- 
ing the turn-off which may be positive or negative, 
and where the other terms have already been defined. 
This equation holds for the “current turn-off” case 
where turn-off is affected by changing the current 
from Iz, to Ip,. Ip, will be negative if reverse base 
current is supplied to turn the transistor off. The con- 
stant in Equation (9) is completely determined by 
the transistor geometry, whereas the value of the 
logarithm is almost completely dependent upon the 
circuit (only Ips is influenced by a transistor parame- 
ter). As given, the constant requires the measurement 
of four separate transistor properties for its evalua- 
tion. It can be shown that this constant may be ob- 
tained from one simple measurement if all of the as- 
sumptions used in the derivation of (9) hold. 
In fact it is found (see Appendix) that 


far +far : _ Qsx 
Qa far far (l—arar) Iex 


where Qyx is the excess stored charge in the base, i.e. 
the total amount of charge which must be removed 
to take the unit out of saturation, and where Ix is 
given by Eq. (3). Qsx/Izx is a constant, since all of 
the terms on the left hand side of (10) are assumed 
to be constant, Let us define this ratio as the hole 
storage factor: 


(9) 


(10) 


I 
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Fig. 1—Reference circuit for defining saturation. 


INPUT CLOSED 
- OPEN 


Ios 
I. | [ 


0 = 
Fig. 2—Scope presentation illustrating the delay in cur- 


rent drop when transistor operation changes abruptly 
from a saturated to an unsaturated condition. 


Fig. 3—Representation of a saturated transistor by two 
unsaturated transistors placed back to back. 


(11) 


To evaluate Ky it is now merely necessary to measure 
the stored charge per unit excess base current. This 
may be done using the circuit of Fig. 4. 

Consider the conditions before the positive pulse is 
applied to the base. There is no d-c path in the col- 
lector; hence, no d-c current can flow in the collector. 
The emitter current, which is adjusted by Rj, will all 
pass through the base terminal. From Equation (3) 
the excess base current will be equal to the emitter 
current. Rs is a very small resistor so that there is 
negligible drop across it. The positive pulse is of suf- 
ficient amplitude so that the vacuum diode, Dj, is 
turned off during the pulse interval. Since the base is 
positive during this interval, the stored charges in the 
base will now exit through the collector and charge 


15 


_|O 


R 


a 


PULSE 
GENERATOR 


AY 


+4 


Fig. 4—Circuit for evaluating hole storage factor. 


C;. This will continue until all of the stored charges 
are exhausted after which C, can no longer charge. 
The scope presentation will be as shown in Figure 5. 
The upward slope to the wave form is caused by two 
effects. Part of the slope is due to the back leakage 
current (Igo) of the collector diode. The pulse voltage 
fed to the base of the transistor is kept small (usually 
3V) to minimize this contribution. The other effect is 
due to the geometry of the transistor. The cross section 
of a typical transistor is shown schematically in Fig. 6. 
Most of the charge will be stored in Region A of the 
base and may exit quickly. A small part of the charge 
is stored in Region B. This charge must travel a longer 
path to be removed and hence, these charges exit 
more slowly. This effect becomes important in very 
fast switching transistors where the actual junction 
areas are small. 

The change in voltage, V;, is a measure of the total 
stored charge while the voltage V’, is a measure of 
the charge stored in the active area (Region A). Ina 
high speed switching circuit only the charge in the 
active area exhibits itself as hole storage delay time. 
The remaining charge, which exits more slowly, 
shows up as a tail on the fall time. In slower circuits, 
where the hole storage delay time is long enough to 
allow the charges in Region B to exit, all of the charge 
contributes to the hole storage delay time. 

If we concern ourselves only with the total charge 
for the moment, we may say that: 


 ®s 
Gams, 
All of this charge is excess stored charge since, by 


Equation (32), the stored charge at the “edge of satu- 
ration” is zero (in this circuit). Hence 


Vi (13) 


ne Qsx Pa Cy Vi 
Iz 


Ks 


(14) 


I zx 


where I; is the emitter current in the circuit of Fig. 4 
between base pulses. This Ks is the number which is 
to be inserted in Equation (12) when dealing with 


slower speed applications. In very high speed work 
we may define: 
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VOLTAGE 
ACROSS C, 


Fig. 5—Scope presentation resulting from application of — 


pulse indicated in test set-up of Figure 4. 


(15)) 


This number is to be used in Equation (12) when cal-— 
culating the hole storage delay time in these applica- . 
tions. In very high speed transistors the difference : 
between Ky and K’, is about 30%. The difference is : 
considerably less in lower speed units. The measure- - 
ment of K{ can be simplified by connecting a dif- 
ferentiating network across C; as shown in dotted | 
lines in Fig. 4. The time constant is arranged so that : 


the voltage across C, peaks at the value, V’. 


There are two special cases of Equation (12) which | 


are of importance. If Ip: is zero we may write: 


I 
ip Kein (16). 
Izs 
We may define a circuit gain as 
Tes 
Be = ’ (17) } 
Ip, 


which is the ratio of saturated collector current to 
supplied base current. Substituting this and (2) in 


(16) we have 


Bo 
ts = Ks ln— , 
Be 


(18) 


which is the storage time encountered when the tran- 
sistor is turned off by opening the base. Equation (12) 
may be rewritten using (3) as: 


Ix 
Ins — Ino) 


If the turn-off current is a large reverse current such 
that 


ts — Kg In (: = (19) 


| Tre | >S Ips 
and | 
Pape | oe Tex 


then the storage time is given approximately as: 


Tsx 


S 5 
| Ie | 


ts~ K 


(20) 


| 
| Equations (10) and (11) shows that Ky depends 
jipon the a and fa values which, although treated as 
yonstants in our discussion, are actually slightly de- 
»endent upon operating point in an actual transistor, 
lence, the precaution should be taken of measuring 
Xs with the base current at approximately the level 
0 be expected during actual circuit operation. 

| Equation (19) is plotted in Fig. 7 on semi-log paper. 
{Une may calculate the base current factor which is 
the horizontal axis of that curve, enter the curve, and 
fread off the ratio of hole storage time to Ky. Also 
shown on that curve are actual measurements that 
ere taken on a large junction audio frequency tran- 
sistor at a number of collector current and base cur- 
rent levels. The X’s refer to measurements on one unit 
and the o’s refer the measurements on another unit. 
In general, it has been found that the hole storage 
time on low and medium frequency units may be pre- 
dicted reliably to within about 20% by this theory 
and the storage time of high frequency units to within 
about 30%. The typical error is considerably less 
than the limits just given. 


' 


APPENDIX: 


Derivation of Eq. (10) We shall first derive expressions 
for Ir and Ipy in the saturated condition. Since we 
‘have assumed that the parameters are constant, the 
‘current gain will be non-variant so that: 


QPF 


Bo 1 (21) 


i we Oe 
Substituting this in (3) we have, in saturation: 


1 — QP Io 
Tp = Ip: = Ipx + Ie —— = Inx—Ie +— (22) 


QP OF 
From (5), (8), and (22) we have: 
Ip =Ic+I1p 
Ter — Ine = Ic + Inx — Ie + Ic/or 
Ter — ar tIor = Ipx + Ter — Icr/aor 
The I;~’s cancel and we are left with: 


— QR lor te I px oe Icr/ar 


Fig. 6—Storage areas in a typical transistor. 
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AF 


lap S15% (23) 
1 — arar 
Combining (4), (7), and (23): 
ii ik I 
Tuy = eke Label i lor =4 hse wy eee Teas (24) 
ARF apr apr QP QARAF 


We have assumed in the foregoing that the tran- 
sistor is in a steady state prior to turn-off time. Moll 
has indicated the necessary considerations for the case 
where the transistor has not been in the saturated 
condition for a sufficient length of time to establish 
these equilibrium conditions. The length of time re- 
quired to establish equilibrium is approximately 
equal to the unsaturated rise time of the transistor. 

A schematic representation of the carrier density 
within the saturated transistor is shown in Fig. 8. 
The lines represent plots of carrier density versus 
distance through the base. In an unsaturated tran- 
sistor the density is zero at the collector since all car- 
riers arriving at the collector are instantly collected. 
The line labeled ny gives the carrier density asso- 
ciated with the normal forward transistor, F, of Fig. 3. 
The line np gives the density associated with the in- 
verted transistor, R, of Fig. 3. The total of these two 
gives the actual carrier density function in the tran- 
sistor. Since this carrier distribution must be set up 
in the transistor in order to maintain the steady state 
saturated condition, we may say that the saturated 
operation requires the storage of a certain amount of 
charge. If the operating conditions of the transistor 
are to be changed, then this charge carrier density 
must be changed. The dotted curve of Fig. 8 is the 
carrier density when the transistor is operated at the 
edge of saturation. The shaded area of Fig. 8 repre- 
sents the charge which must be removed in order 
to take the transistor out of saturation. The name, 
“hole storage delay time,” comes from the fact that 
it is the time required to remove this charge. Since 


CURVE OF RATIO OF STORAGE 
TIME TO HOLE STORAGE FACTOR 
vs. BASE CURRENT FACTOR 


ts Igy 
= In | 44+———— 
K | Igg— Igo 


Fig. 7—ts/Kg plotted against the base current factor. 
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EMITTER COLLECTOR 


Fig. 8—Diagrammatic representation of the carrier den- 
sity within a saturated transistor. 


this time is proportional to the quantity stored, it fol- 
lows, therefore, that the frequency response of the 
transistor also is a function of the stored charge. 

This charge storage may be thought of as due to a 
diffusion capacitance. Granting all of Moll’s assump- 
tions, we may represent the linear transistor with cur- 
rent drive as shown in Fig. 9. Note that the assump- 
tion has been made that there is no feedback. The 
voltage, v., will be given by 


Ye 


_— 25 
L+ 7 wet. = 


is So 


where @ is the radian frequency of the current, ic. 
The collector current will be given by: 


: a : a : 
ig = — % = , hee 
ie ee Oe Fae 


(26) 


If we write Equation (26) in Laplace transform we 
have 


a 


lel Terie 


which is the equation used in Moll’s paper. The C, of 
these equations is the diffusion capacitance as seen at 
the emitter. Equation (26) shows that the current 
gain will be down 3 db when 


fi tee 


Pe ) 
Mae Ie Bs 


(28) 


hence, Equation (28) gives the alpha cutoff frequency 
of the transistor. If the emitter current of F Spat aa ae 
steady state d-c current, then the charge stored in the 
diffusion capacitance will be: 


Q = Ce Vv. = Colic Ty. 
Using Equation (28) 


1 


Q = Iz ) 
2m fa 


(29) 
where I» is the steady state emitter current, and fa is 
the alpha cutoff frequency of the transistor. 


We have already shown that the saturated transis- 
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a Ve 


il 


Fig. 9—Equivalent circuit representation of linear trans- 
istor with current drive. 


tor may be considered to be two linear, non-saturated — 
transistors connected back-to-back which may each 
be described by Fig. 9. The total charge stored will 
equal the sum of the charges stored in each one. 
Hence, the total stored charge in saturation is: 


1 
OF Ok ih (30) 


27 JaF 


1 
Pio ae Se B es > | 
Qs = ler an f za 
At the “edge of saturation,” Icy is equal to zero and 
the emitter current will be equal to (see Equation 


(7) ): 


I¢ 
Izy =—. i 
ar 
Hence, the total stored charge at the edge of satura- - 
tion is: 


Te 
Osa! Tg ee ee (32) 


2u far 2war far 


The total amount of charge which must be removed | 
to take the unit out of saturation, or the excess stored | 
charge will be given by: 


I I 
Qsx = Qs —Q = ene (1. <= s) +e ee . (83) 


LT Jian OF 2a far 


We have calculated the value of Igy and Igy in Equa-- 
tions (23) and (24). If we substitute these in (33)., 
we have: 


Osx = Tnx for tor far | 


2a far far (1 — ar ap) 
If we assume that ap is approximately equal to unity,. 
then 


the a 
Capen higher: eas 


On tay fol open e 


ORS 


far + far = Qsx 
2m far for (1 — ap ap) Ipx 


(34)) 


This factor is the device constant of Moll’s equation | 
(Equation 9) for hole storage time. 


perature. 


HERE IS a need for switching transistors ca- 
pable of controlling some hundreds of milliam- 
peres of current while exhibiting good transient 
response. Since the high storage time and low fre- 
quency response of most conventional power transis- 
tors renders them unsuitable, we are led to consider 
the use of the low-power types, even though certain 
ratings appear prohibitively low. 

Frequently the duty factor of high-power dissipa- 
tion in these applications can be held sufficiently low 
that we will have no difficulty with a low dissipation 

rating, but the current rating (on the order of 5 to 
10 ma for most useful low-power types) definitely 
prohibits their use at currents one or two orders of 
magnitudes greater. 

Let us review the more important factors which 
should be considered before concluding that these 
low-power transistors may be operated at high peak 
currents and dissipations. 

While dissipation and voltage ratings may be readily 
set, it is more difficult to determine a realistic maxi- 
mum of emitter or collector current. One simple 
method is, of course, to define arbitrarily the maxi- 
mum permissible collector current as (1) that which 
is permissible or useful in Class A signal applications 
or (2) that at which the current gain B (large signal) 
has fallen to the minimum useful value and even this 
is arbitrary since we have now brought circuit con- 
siderations into the problem—not device life alone. It 
is, however, reasonable to do this, since devices are 
required to operate in circuits which are, in turn, re- 
quired to perform some desired operation. 


*Based on a paper presented at the 1956 Wescon, Los Angeles, 
Calif. 


{Sylvania Electric Products Inc., Electronics Division, Woburn, 
Mass. 
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High-Current Switching Applications of 


Low-Power Transistors’ 


C. HUANG}, W. F. PALMER}, C. M. CHANG? 


There is a need for switching transistors capable of controlling some hundreds of milli- 
amperes of current while exhibiting good transient response. Since the high storage time 
and low frequency response of conventional power transistors renders them unsuitable, we 
are led to consider the use of low-power types at low duty factors. Measurements on 
characteristics of importance in high-current applications show that switching operation of 
transistors intended for low-current, low power uses is permissible where high peak cur- 
rents are involved; provided that attention is paid to limiting the maximum junction tem- 


These, at least, furnish us with a starting point, in 
particular the latter, i.e., if this value of current gain 
occurs at current much in excess of the existing nom- 
inal maxima then we may attempt to answer the ques- 
tion, “is it really permissible to operate the transistor 
at such high values of current?” 

Theoretical studies may indicate that such opera- 
tion is harmless and a statistical life of some 100,000’s 
of hours may be expected. Actual experience with 
such figures is, of course, lacking and we may have 
to extrapolate by a few orders of magnitude to obtain 
estimated life figures. 

Life tests (limited in time to some thousands of 
hours) indicate that high-current operation of several 
commercial and experimental transistor types is not 
more injurious than within-rating operation since the 
time variations in such vital parameters as Io, Vemaz; 
6, B (etc.) are essentially the same for shelf, rated, 
and high-current operation. 

To be useful in such applications as are of interest 
to many of us, the transistor must have the following 
characteristics: 

(a) The large-signal current gain, B, must be suf- 
ficiently high at the peak or maximum current re- 
quired. 

(b) Switching times must be sufficiently low to 
yield a good pulse shape (this is largely a matter of 
frequency response though a too-high storage time is 
undesirable because of the turn-off delay introduced). 

(c) Rise and fall times must be sufficiently low 
that they do not (1) introduce an undesirably high 
component of average dissipation or (2) exceed the 
peak dissipation rating. 

(d) Saturation voltage must be low enough that 
the average dissipation rating is not exceeded. 

(e) Base voltage must also be low since base dis- 
sipation may be a significant fraction of the total 
dissipation. 
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(f) Iz, and I,, must be reasonably low. 

We may have to consider all of these factors indi- 
vidually or as combinations—and in terms of the pro- 
posed application (s). 

Considering these factors individually and with re- 
spect to each other: 


1. B, D-C Large Signal Current Gain 


In terms of a particular application we may set 
limits of useful B at the particular peak current re- 
quired—and determine whether or not a particular — 
transistor type(s) will satisfy them. Figs. 1, 2a, 2b, — 
and 3 show B vs I, for typical 2N35, 2N94, and 2N377 
types of transistors. Note that B is usefully high at 
some hundreds of ma in each case (the 2N94 and 
2N94A types are approximately symmetrical with re- 
spect to normal and inverse beta). 


2. Switching Times 

Low frequency transistors having long storage 
times may be satisfactory where pulse rates of some 
tens of kc/s are required i.e., where pulse widths are 
some tens of usec. However, the use of high-frequency 
types is necessary when good pulse shapes are de- 
sired for pulse widths of less than 10 usec. There are, 
of course, high-current applications for both types 
depending upon the pulse width and repetition rates 
required. Figs. 4 to 17 show switching characteristics 
of typical 2N35, 2N94 and 2N377 transistors. Fig. 4 
indicates the measurement techniques employed in 
obtaining these data. Note that in all cases these tran- 
sients are on the order of tenths of usec to microsec- 
onds, depending upon the particular transistor type 
considered. Choice of a suitable transistor and drive 
conditions will allow us to obtain a good pulse shape. 


3. Rise and Fall Times and Dissipation Considerations 


It is important to know the effective value of the 
transistor’s thermal time constant (die to can or 
package), particularly if we propose to switch the 
maximum volt-amperes, and the thermal time-con- 
stant is relatively short. e.g., if a transistor has an 
effective time-constant of 1 msec, a temperature rise 
of 1°C per mw, and peak ratings of 25 v and 100 ma, 
then the instantaneous maximum dissipation during 
switching is over 0.6 w, and we may compute an ini- 
tial temperature rise on the order of 0.5°C per usec. 
If we may accomplish switching (on or off, rise or 


fall) in even 5 usec (which is not difficult for low- 


frequency transistors), then junction temperature — 
has increased about 2.5°C during this period. If we — 
are within the average dissipation rating of the tran- | 
sistor (i.e., suitably-low duty factors are used) we _ 
may ignore, as a first approximation, the contribution 
of these high instantaneous dissipation periods (dur- 
ing pulse rise and fall) to average dissipation. We may 
then proceed to compute average dissipation as the 
“on” dissipation—duty factor product. The contribu- 
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1B] —"TURN-ON BASE CURRENT 


1B2— “TURN-OFF BASE CURRENT = 
TR —RISE TIME (10 TO 90% OF Ic MAX.) 


TF —FALL TIME 


Ig MAX Me 
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Tr | ke 


Ts — STORAGE TIME 

1B — MEASURED BY INSERTING A SMALL 
VALUED R AT X 

RG AND RB>>TRANSISTOR’S INPUT RESISTANCE 

VG — PULSE GENERATOR 


Fig. 4—Conditions of Measurement of Switching 
Transients. 
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Fig. 6—Fall Time, 2NS5 
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Fig. 7—Storage Time, 2N35 
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Fig. 8—Rise Time, 2N94 and A 
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ALMOST IDENTICAL 


Ol 


FALL TIME ({JS) 


OF 2: -3.. 45° 16 
TURN-OFF CURRENT (MA) 
Ib2 


Fig. 9—Fall Time, 2N94 and A 
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Fig. 10—Storage Time, 2N94 


Vec = 12 V 
as le =100 MA 
= 
lu 
= Ip,=!OMa 
che 
Ww 
© 
< 
a 
O 
Ee 
nv | 


4) 5° 6 ~ 7. 
TURN-OFF CURRENT (MA) 
Ib2 


10) 
OF 23 8 9 10 


Fig. 11—Storage Time, 2N94A 
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Fig. 12—Rise Time, I, = 200 ma, 2N377 


22 


Vec = 20 V 
Ic —200 MA 
Isp] -10 MA 


FALL TIME (US) 


Lo} 10 20 30 40 
TURN-OFF CURRENT, IpE (MA) 


Fig. 13—Fall Time, I, = 200 ma, 2N377 
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Fig. 14—Storage Time, I, = 200 ma, 2N377 
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Fig. 15—Rise Time, I, = 500 ma, 2N377 
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APPROXIMATE VALUES OF THERMAL TIME CONSTANTS 


P Max. Vea Max. oan Thermal Cut-off 


Inst. Pk. i 
10 ws Max. (E Biased Off) : Inst. Pk. Time Const. Freq. 


(msec-) : 
iia (Approx.) Peay 


N35 50 1 25 50 100 


{ 1 15°C 0.9 
1N214* 125 2.0 25 100 200 5 Dee 0.9 
Bno4** | 50 1 20 50 100 1 7°. 3.5 
SN94A** 75° C 6.0 
°N377** 150 25 25 200 500 10 85° C Ba 


1**Though not indicated, these types are approximately symmetrical. 


#Note: The Thermal Time Constant referred to is junction-to-case. 


Mion of “off” dissipation may be similarly calculated 
and added where it is significant. 
In the cases of the transistor types discussed below, 
{this approximation is a valid one for most practical 
applications because of suitable combinations of char- 
jacteristics. 
Approximate values of thermal time constants for 
these transistors are included in the table above. 


(USEC) 


FALL TIME, TF 


4. Saturation Voltage (at the peak current drawn) 


The contribution of V, to average dissipation is 
‘readily understood—in the case of the transistor 
which is “on” for a time not much-less-than its ther- 


“ ” 


mal time-constant, the “on” dissipation must not 


‘exceed the everage rated value. Where the ‘‘on” time TURN-OFF CURRENT (MA) 
‘is much lower, the transistor again serves as a “ther- ses 
mal integrator” and we may use the “on” dissipation Fig. 16—Fall Time, I, = 500 ma, 2N377 


—duty factor method of computing average dissipa- 
tion (of also 5 below). Fig. 18 shows the collector 
saturation voltage characteristics of the several tran- 
sistor types mentioned above. 


5. Base Voltage (V,) 

- The base dissipation may introduce a significant 
component of “on” dissipation, but may usually be 
neglected as an approximation once a trial calcula- 


tion is made. Typical values of V, @ I, = 10 ma are 
tabulated below: 
2N35 
2N94 —_——_—— 0.55 V 
2N94A Vec= 20v 


2N377 ————— 0.80 V Ic=500Ma 


6. Ico and Ino 

In particular the former must be low enough to be 
negligible relative to the I. to be drawn, and should 
(as a product with V,.) contribute little to the aver- 
age dissipation even at relatively high operating tem- 
peratures, or its contribution must be included in the 
average dissipation. 


STORAGE TIME, Ts (USEC) 


TURN-OFF CURRENT (MA) 


Transistors 
Characteristics of the 2N35, 2N94, and 2N377 fam- 
ilies of transistors are such as to permit relatively Fig. 17—Storage Time, I, = 500 ma, 2N377 
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Fig. 18—Saturation Voltage Characteristics, 2N35, 2N94, 
2N94A, 2N377 


high-current operations of these types in appropriate 
circuits. Ratings on these three types for these appli- 
cations are tabulated below. 


Conclusion 

Transistor characteristics of importance in high- 
current applications show that switching operation 
of transistors intended for low-current, low-power 
uses is permissible where high peak currents and dis- 
sipation are involved, provided that attention is paid 
to limiting the maximum junction temperature to 
that specified by the manufacturer. Examples have 
been given available types which are useful at peak 
currents of 100 to 500 ma. 


Transistor Servo Amplifier Output Stages 


ALLEN J. KEEGAN* 


Power output stage of transistor servo amplifiers deserve extensive design effort since 
they have a large control over the volume, weight, and cost of the final package. Four 
types of common emitter output stages and their power supplies are analyzed with 
emphasis placed on selection of the optimum configuration for a given application. 


RANSISTORIZED amplifiers are enjoying wide 

use in servo-mechanisms for military appli- 

cations. The electrical parameters of these 
amplifiers are dictated by the individual system but 
many have common requirements. Most of these am- 
plifiers are used to drive a servo motor and its asso- 
ciated load for computation or positioning purposes. 
Installation compartments demand the smallest, light- 
est “black boxes” possible. Hence, packaging con- 
siderations cannot be ignored during the circuit de- 
sign if a miniature, reliable, serviceable, low cost unit 
is to be realized. 

Past experience in the package layout of servo am- 
plifiers indicate the largest percentage of the total 
volume is occupied by the output stage. Considerable 
cost is concentrated in this area also. Thus, it is ex- 
pedient to channel design effort toward improvement 


*John Oster Manufacturing Co. 
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of the final stage. It must be borne in mind that the 
power supply electrical and physical requirements are 
dictated to a large extent by the output circuit. 

Since these circuits are primarily used for power 
amplification, the common emitter configuration is 
most often used, rather than a common base or a 
common collector circuit, because of its more desir- 
able power gain characteristics. This should not be 
construed to imply that these other two configurations 
have no place in servo amplifiers. Their features can 
be used to great advantage in some instances. 

A single transistor biased for Class A linear opera- 
tion can be used when low power is required by the 
motor load. This circuit has the advantage of sim- 
plicity, but it suffers in some other respects. 

Common emitter Class A amplifiers are character- 
ized by large quiescent collector currents. If the mo- 
tor’s tuned control phase is located directly in the 
collector circuit, motor performance will suffer be- 
cause of iron saturation and heating caused by the d-c 
current. A coupling transformer can be used to elimi- 
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Ql 
nour a aa 
| Q2 


ig. 1—Conventional Class B push pull stage 


i) t= 


Fig. 3—Cross-over distortion 


ate these effects. Collector circuit load can be opti- 
aized for maximum power output by selecting the 
roper transformer turns ratio. The primary open cir- 
uit inductive reactance at the operating frequency 
hould be at least ten times the reflected resistance to 
inimize phase shift. This necessitates a large num- 
er of primary turns which aggravates the saturation 
roblem created by the quiescent current. Therefore, 
he coupling transformer must consist of a large core 
tacked with a controlled airgap. Transformer effi- 
iency will lower the total efficiency below the theo- 
vetical 50% of the ideal Class A circuit. 
Some of the disadvantages of Class A power ampli- 
fers can be overcome by the conventional Class B 
oush-pull circuit shown in Fig. 1. During one-half 
cle of input voltage Q; conducts collector current 
hile Q» conducts during the other half cycle since 
e bases and emitters are at the same d-c potential. 
In the ideal case the d-c components of collector cur- 
rent of the transistors are equal, resulting in a can- 
sellation of d-c magnetization of the transformer. 
Thus, for a given power level this center tapped trans- 
former can be smaller than the one used in the single- 
ended circuit. Any desired resistance reflected into 

e primary can be obtained by adjusting the turns 
ratio. 
_ The determination of the collector to collector re- 
sistance is augmented by a graphical analysis keeping 
in mind the limits of the transistors. Collector current, 
voltage and power dissipation ratings must not be ex- 
ceeded. It is necessary to derate the power dissipation 
of the transistor if the amplifier will be operated at 
elevated temperatures. Reference to Fig. 2 illustrates 
that the operation of each transistor is within all lim- 
iting parameters. Note that at full drive (maximum 
output) the collector current is less than the maxi- 
mum rating and that the derated collector dissipation 
is not crossed by the load line. 

It should be emphasized that the peak voltage ap- 
pearing at the collector of Q: occurs when Q> is driven 
to full output. Hence, the sum of the collector supply 
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IMA 


Pd 


MAX COLLECTOR 
DISSIPATION 


COLLECTOR CURRENT 


SATURATION 
VOLTAGE 


PEAK TO PEAK OUTPUT 


SUPPLY VOLT 


COLLECTOR CURRENT 


PEAK COLLECTOR VOLTAGE 


Fig. 2—Graphical presentation of Class B push pull 
operation 


voltage and the peak of the coilector signal must not 
exceed the rated collector voltage. For transistors 
having a small collector saturation resistance, the 
supply voltage must be restricted to one-half of the 
rated collector voltage. The supply voltage can sur- 
pass this half-way point by a small amount if the tran- 
sistors have a high saturation resistance. 

Having once established the appropriate path of 
operation, it is possible to determine the available 
output power and the collector to collector a-c resist- 
ance (output transformer primary). The slope of the 
line represents the resistance seen by each collector 
independently. Because of the transformer action be- 
tween halves of the transformer primary, the collector 
to collector resistance, is equal to four times the slope 
of the load line. 


Output power can be calculated as follows: 
deer. 1 ae (Bec-E sat) (Teel) 
ac ee meee ere 
ee N 2 
where: P, = Power output 
Emaz & Imac = Peak value of signal 
E.. = supply voltage 


Ea: = Collector saturation voltage 
To = Collector leakage current. 


P, = 


if Eyar & Teo are small 


Bree ad x 4 ee = 


where: R,, = Collector to collector resistance 
2 Eee? 
et 


As previously, the open circuit reactance of this 
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Fig. 4a & 4b—Forward bias_ to 
eliminate cross-over distortion 


transformer should be a minimum of ten times the 
collector to collector resistance. Since it is impossible 
to maintain a perfect balance between collector cur- 
rents, it is advisable to specify the expected unbal- 
ance (usually not more than 10%) to avoid trans- 
former saturation. 

Small signal output from the basic Class B push- 
pull amplifier shown in Fig. 3 is badly distorted. This 
is referred to as cross-over distortion and is caused 
by the threshold nature of emitter junction charac- 
teristics. Cross-over distortion is more severe in 
stages using silicon transistors than those using ger- 
manium transistors because of the higher energy gap 
associated with silicon semiconductors. Cross-over dis- 
tortion can be eliminated by forward biasing the emit- 
ter junction to the threshold point. For germanium 
transistors this will be approximately 0.1v while 0.6v 
is needed for silicon transistors. See Fig. 4a. The se- 
lection of R,; is a result of a compromise between 
power supply current and gain. 

If the forward bias is obtained from fixed resistors, 
Class AB operation will exist at elevated tempera- 
tures causing reduced output and excessive power 
supply current while Class C operation will prevail 
at reduced ambients. This performance impairment 
is a result of the temperature dependency of the emit- 
ter junction threshold voltage. Class B operation can 
be maintained throughout a wide ambient range by 
incorporating a temperature sensitive element in the 
biasing network. A logical choice of this element is a 
diode of the same material as the transistor, since the 
threshold voltage changes of both the diode and the 
emitter junctions will be matched. This eliminates any 
complex shaping networks associated with standard 
readily available thermistors. An additional small 
series resistor may be required to completely avoid 
cross-over distortion if the forward voltage drop of 
the diode is less than the amount needed by the tran- 
sistor emitter junction. The circuit of Fig. 4b was de- 
signed using these principles. 
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The output coupling transformer was selected t 
obtain a match between the collectors of the Type 97 
silicon transistors and the control phase of a size te 
servo motor having a tuned impedance of 220 ohms, 
Graphical analysis of the Type 970 characteristi 
curves indicated that a collector to collector imped 
ance of 3200 ohms is optimum for an output of three- 
quarters of a watt. Recalling the relationship betwee 
the reflected impedance between primary and sec- 
ondary of a transformer, it is seen that the turns a 
should be 3.8 to 1. This circuit operates satisfactorily 
throughout the range of —55°C to +125°C. Cross-. 
over distortion is negligible and power supply stand- : 
by current does not become excessive at elevated: 
temperatures. 

Power supply complexity is a direct function of the 
linearity requirements of the amplifier output vs. in-: 
put curve. Regulated power supplies are called for if. 
extreme linearities are needed. A full wave rectifier, 
followed by a low resistance filter network will suf. 
fice in most applications. 

In an effort to reduce size, thought should be given) 
to elimination of the output transformer. This can be: 
done by center tapping the control phase of the serve: 
motor with a resulting degradation of motor perform-. 
ance for a given motor size. Saturation of the motor! 
will not occur. The impedance match between the: 
motor and the collectors must be compatible with the: 
power output requirements and the limiting factors) 
of the transistor. 

A much improved impedance match exists between) 
the collectors and the load in a series connected direct: 
feed Class B push-pull stage. See Fig. 5a. It can be: 
seen that the entire control phase impedance appears: 
in the output circuit of both transistors and that the: 
d-c component of load current furnished by each: 
transistor is in opposite directions through the load: 
thus obviating any saturation difficulties. Cross-over: 
distortion is eliminated in this circuit much the same: 
way as was done previously. 


Fig. 5a &5b—Series connected di- 
rect feed Class B push pull stage 


IN645 


/ Fig. 6—Center tapped full wave 
: voltage doubler 


Regulation and power consumption rule out a 

eeder network as the source of the two equal volt- 
ges required by this arrangement. The most efficient 
upply is the center tapped full wave voltage doubler 
ircuit of Fig. 6. At first glance, this configuration ap- 
ears to require much more volume than the standard 
ull wave circuit but this is actually not the case. The 
ectifiers and capacitors can be smaller since each half 
£ the doubler supplies power to only one transistor 
yhere in the conventional circuit the one supply feeds 
»oth output transistors. The cost of the doubler cir- 
uit exceeds that of the standard supply. 

The power stage of Fig. 5b in conjunction with the 
upply of Fig. 6 can also furnish three-quarters of a 
watt to the motor throughout the range of —55°C to 
4.125° C. Unbalanced direct current through the mo- 
sor control phase does not exceed two milliampere, 
which is well below the saturation level of the servo 
motor. 

The disadvantages of a center tapped supply, can 

overcome by a circuit known as a series connected 
shunt feed Class B push-pull amplifier, while still 
maintaining the advantages of the direct feed circuit. 
‘Refer to Fig. 7. As in the standard circuit it is possible 
0 obtain peak to peak signal output voltages nearly 
equal to the supply voltage. 
_ Emitter to collector voltage of each transistor 
hould equal one half of the supply voltage for ideal 
operation of the configuration. Assuming the resist- 
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Fig. 8—Graphical presentation of series connected Class 
B push pull stage 
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Fig. 7a & 7b—Series connected shunt feed Class B push pull stage 


ance of the transistors in the quiescent state to be 
large in comparison to the biasing network resistance 
it can be seen that the voltage at the junction between 
the emitter of Q; and collector of Qs is a function of 
the ratio between the sum of R; and Rz and the sum 
of R; and R,. Once the desired voltage at this point is 
established, the quiescent current through both tran- 
sistors can be controlled by the relative values of 
R, to Rs and Rs to Rx. 

Since the collector voltage of each transistor is only 
one half the supply voltage, temperature stability will 
be enhanced because of the reduced possibility of 
thermal runaway. Peak collector voltage is limited to 
the supply voltage while in the ordinary push-pull 
circuit collector voltages of nearly twice the supply 
voltages are experienced. Greater understanding of 
circuit performance may be obtained from Fig. 8. 

The voltage gain of this circuit is slightly less than 
that of the direct feed circuit because of the coupling 
capacitor. From the gain and phase shift view point 
the capacitance should be as large as possible. The 
voltage rating is established by the source voltage. 
Hence a compromise must be reached between gain 
and volume when selecting this component. 

The configuration of Fig. 7b is also capable of de- 
livering three-quarters of a watt to the control phase 
of the same motor used in the previous circuits 
throughout the range of —55°C to +125°C. As it 
should be expected, the increase in power supply cur- 
rent during standby operation at elevated tempera- 
tures is much less than that observed in the earlier 
circuits. Since the reactance of the coupling capacitor 
at the operating frequency of 400 cps is small com- 
pared to the 220 ohms of the motor control winding 
there is a gain reduction of only 10% in comparison 
to the direct feed circuit. 

In conclusion, it must be said that each of the tran- 
sistor servo amplifier output stages discussed here has 
both advantages and disadvantages. It is up to the 
engineer to consider each circuit in light of his par- 
ticular design specifications in order to evolve the 
optimum amplifier for the intended purpose. 
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Some Useful Techniques for Transistor 


Power Gain Measurements 


JACOB S. BROWN* 


When making power gain measurements on transistors over a wide frequency range it is 
advantageous to use circuits that can be switched and tuned simply over the frequency 
range. Circuits such as resistive constant power generators and conjugate tuned constant 
power loads fall into this category. The principles of several of these circuits are discussed j 
and examples of them are described. A bolometer circuit adapted to a power meter for use ; 
at low frequencies is also described. The above mentioned circuits are useful for quick i 


measurements of power gain from 14 me. to 40 mc. 


INTRODUCTION Components 
HE TECHNIQUES and procedures that are to Constant power resistive generators, such as shown © 
follow were intended to give quick simple meas- in Fig. 2, have been described in the literature by — 
urement of power gain. The measurements are W. F. Chow.? For a constant available power, P,, with 
made at %4, %, 1, 2, 4, 7, 10, 20, 30 and 40 mc. No _ a load R, the voltage is 
claims are made for the uniqueness of the measure- F oe 
ment in the sense that it is eee power gain or Vi=2V Pa VR, 
maximum available power gain. It does, however, give 
measurements which are useful for designing transis- 
tor amplifiers. 


CALIBRATED 
POWER 
SENSITIVE 
DEVICE 


TRANSISTOR 
AND ITS 
POWER SUPPLIES 


MATCHING 
NETWORK 


MATCHING 
NETWORK 


Method of Measurement 


A block diagram of a gain measuring set is shown in 
Fig. 1. It consists of a generator, an impedance match- Fig. 1—Block diagram of gain measuring set. 
ing network from the generator to the transistor in- 
put, the transistor and its power supply. The transis- 
tor output is matched to a load and some provisions 
are made for measuring power output. For both input 
and output matching networks direct or simple imped- 
ance calibrations would be desirable. In the case 
where the power gain of the transistor is too low to 
measure on the power measuring instrument, then an 
amplifier can be introduced after the load. The input 
impedance matching network could take many forms 
such as transformers, reactance x, T, L networks, or 
resistance networks. The simplest to design for the 
frequency range of operation with a direct calibration 
is a resistive constant power network.! 


*General Electric Company 


Syracuse, New York V G 2 

*R. L. Pritchard, “High-frequency Power Gain of Junction Pay = 

Transistors” Proc. of IRE, vol. 43, pp 1075-1085, Sept. 1955. 4R 

*W. F. Chow, “Transistor Power Gain Meter” Tele-Tech and 

Electronic Industries, vol. 15, p 104, June 1956. Fig. 2—Constant power resistive generator. 
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rom which we can calculate the dividing ratio of the 
t put potentiometer. This circuit can be realized for a 
\tepwise changing R by using a taped voltage divider 
vith the series resistance R changed simultaneously. 
if the input resistance of the divider is 50 ohms then 
ne finds with R varying in steps of 2 to 1 with R 


t:hanging from a minimum of 25 ohms to a maximum 


; 
: 
5) 
; 
4 


§>f 3200 ohms that the divider is composed of values (A) 
yranging from 142 ohms to 12 ohms. Such a constant 
#20wer source is adequate for measurements up to a 
wrequency of about 2 mc. Above this frequency the 
J ductance of the resistors becomes very troublesome. 
a4 his was brought home when such a divider was con- 
¥structed and the dividing ratio at 10 mc was found to 
ynave no relationship whatsoever to the resistance ra- 
4tios. Bridge measurements on some sample carbon (B) 

and boro-carbon film resistors revealed that with 

leads of 4 of an inch on each end of the resistor, there Fig. 3—Symmetrical attenuators. 
as an inductance of about 14% -10-* henries in series 

ith the resistors. At first sight this does not appear 


to be much but at 10 mc this results in a reactance of fee ek, hae Ce ee ee 7 
about 1 ohm. Noting that some of the resistors neces- fe { fy to FOF ELL Serf 
sary in the divider are near this value and that opera- ae 01 16 Bel . 
tion up to 40 mc is of interest, some other approach is 0.5 VOLT 71 INPUT 


necessary. One such solution is shown in Fig. 3. 

The choice of the proper symmetrical attenuator re- 
sults in convenient values of resistance in the asym- 
metrical network. By convenient values of resistance 
is meant resistors of such values that they are neither 
so high that shunt capacitance is a problem or so low 
that series inductance is troublesome. The constant 
power generator used from %4 mc to 10 me is shown 
'in Fig. 4. It was designed to deliver 1 microwatt to a 
matched resistive load when supplied with % volt. A 
6 db attenuator is available through switching if it is 
desired to decrease this input power to % microwatt. 

To measure power output an ultra high frequency 
power meter was found convenient because its cali- 
bration could be used to read power output with only 
one mental subtraction. This did, however, require a 
‘tuned impedance matching network. For the fre- 
quency range up to 7 mc a circuit such as that shown 


in Fig. 5 was used. Let K, be the gain of T,, K» the peel 30 
gain of Ts, “a” the fraction of T,’s output driving Ts, 

R; the bolometers resistance and R, the resistive nt Tanne 
component of the load. The condition for the same = 0C SOURCE 
power in the bolometer as in the resistance Ry, is Fig. 4—Constant power generator. 


Vy? (Va Kk, K_)? 


FROM WHICH 


Ry Rp yi Wey Kast Nr 
From which 
ae eee ao 
V Rp/Rr TO TRANS. 
Oa Le aif ea OUTPUT 


By changing “a” and R, simultaneously the power 
sensitivity can be maintained the same while the load 
resistance is being changed. The circuit used in our 
measuring set is shown in Fig. 6. Fig. 5—Matching network from transistor to bolometer. 
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At the higher frequencies up to 40 me another cir- 
cuit was found convenient. It is shown in Fig. Hea ie 
can be shown that the shunt R;, obtained with such a 
circuit at resonance assuming the bolometer as a load 
is 


Some errors are introduced by losses in the inductor. 
They will be discussed later. The variable inductor 
used had a Q of 300 and an inductance of 13 uh at 
10 me and a Q of 150 and an inductance of %4 uh at 
40 me. 

Let 


@ CaNe 
(az*) mates 
C, 


where R, — R; + R». Figs. 8 and 9 are nomographs 
that can be used to obtain R;. The power output is 
measured with a bolometer and a very high frequency 
power meter. The power meter used consists of an 
audio bridge oscillator circuit one arm of which is ar- 
ranged to be a 200 ohm bolometer. When the power to 
be measured is supplied to the bolometer, the oscillator 
changes its output in such a manner that the bolome- 
ter resistance remains almost constant. The instru- 
ment is calibrated in terms of power to the bolometer 
necessary to produce a predetermined output. Avail- 
able instruments have a full scale sensitivity that 
ranges from 100 microwatts to 10,000 microwatts. The 
instrument used is also calibrated in db with a 1000 
microwatt zero reference. When dealing with power 
outputs smaller than 25 microwatts a distributed am- 
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Fig. 6—Measuring apparatus. 
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plifier with 200 ohms terminations can be used ahead 
of the bolometer. 

Presently available bolometer mounts are for bolo- 
meters that present a 50 ohm load to a source. They 
operate only down to a frequency of 10 me. If the 
bolometer is to be used as a 200 ohm load and below 
10 mc then the circuit of Fig. 10 can be used. The bolo- 
meter consists of a 10 milliampere fuse. Remember 
that it is part of an audio frequency bridge oscillator 
therefore C,, C3, or Lz cannot be too large or the oscil- 
lator will not perform properly. Values of 1000 uuf for 
C, and C; were found to not interfere with the opera- 
tion of the oscillating bridge circuit. When, however, 
the signal frequency is lower than 10 mc the reactance 


oe 
TO TRANSISTER 
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Re 
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Fig. 7—Measurement set to 40 me. 


of C, becomes excessive so L, is introduced and series 
resonated. Cy and Lz are parallel resonated to reduce 
shunting effects on the bolometer. The series induct- 
ances and parallel resonant circuits are switched for 
specific frequencies. It was found that at %4 and % me 
Lz was troublesome unless reduced to a value of less 
than 1 mh which would have a reactance of 78% ohms 
at 12% kc the frequency of the audio oscillator in- 
volved. The adjustment of L; C,; and Ly Cs was much 
more critical at % and % mc than at the higher fre- 
quencies. 

It is of interest to note that if the bolometer power 
meter calibration is checked with a peak reading 
VTVM then one has to be aware of the purity of sig- 
nal available from the signal generator. For a 5% sec- 
ond content, readings at two frequencies or different — 


- load conditions differing by as much as 0.8 db could be | 


obtained with the same VTVM reading. The way | 
around this is to check the bolometer against an rms 
meter. Meters of this type operating over a frequency 
range of % to 40 mc are not readily available. A way 
around this is to use a diode peak VTVM and eali- 
brate one voltage level on it, say % volt against the 
bolometer for the frequencies to be used. 
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40 40 
7 There are a number of possible sources of error in e ad 
e scheme described. For example, if the load is re- 
) istive and fed from a generator the source resistance 
f which is changing in two to one steps and if the 
ad impedance has a value just half way between 20 - 20 
o possible steps of the constant power generator ere 
nen the power to the load will be 0.11 db less than the pe 
onstant power generator is designed to deliver to a 
natched load. If the phase angle of the load is 50° and 
of the load matches the resistance of the constant 
ower generator, the load will receive 1.08 db less 
power than the constant power generator is designed 10 lo 
o deliver a matched load. If the maximum resistive Setar R, a FREQ-MC 


nismatch to Z of 1.33 is considered the load receives 

..24 db less power than the constant power generator Fig. 8—Nomograph for obtaining R,. 
designed to deliver. Another possible source of error 

's the shunting effect of losses in the output circuit. 

Consider for example the inductor to be used at the 200 

lowest frequency 270 kc having a Q of 250 and an in- 

ductance of 6 mh. Its resonant impedance would be 

2.5 < 10° ohms. When used with the highest resistance 

of the constant load generator, it would produce an 

error of 0.17 db. At other frequencies for typical load- if 


g conditions of the transistor, expected errors with soon ; 
the constant power load are less than 0.2 db, for fre- es 6000 
quencies up to 7 me. At higher frequencies where the fl ye 
atching network is used, losses in the inductor 
would be such that with a parallel resistive compo- 80 res 2000 
nent of the output impedance of the transistor of 70 Ae 
20,000 ohms at 10 mc the error should be less than “i ie 
.4 db. At 40 me, this same condition would take place 2 600 
with a parallel resistive component of 2400 ohms for alt 400 
the output impedance of the transistor. The variation 50 
between these frequencies should be approximately 200 
linear. 40 
100 
SUMMARY ees 
Various techniques have been described that can 30 aes 
be combined to obtain a useful measurement of tran- 
sistor power gain. These include a resistive constant 20 
power source and constant power load, as well as a 
x coupling network and nomographs describing its re- oe 10 
sistance transformation properties. Also included was Bree saties A air hae 
the adaptation of a microwave power meter to meas- 
urements at frequencies as low as %4 mc. Fig. 9—Nomograph for obtaining R,. 
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Design Criteria for Transistor Prosthetic Devices 


STEPHEN E. LIPSKY* 


The design of transistor amplifiers which are to operate at supply voltages of 1.3 volts 
imposes several stringent requirements with respct to the proper choice of operating 


point. Limitations on the maximum 


signal distortion and minimum acceptable gain 


further limit the selection of the operating range. Thermal problems are reduced by the 
restricted temperature range of operation however and circuit economies mayer 
be effected. This paper describes some of the specific engineering techniques involve 

in the design of transistor amplifiers subject to the above limitations and outlines typical 


circuitry and its method of development. 


[x PROPER DESIGN of transistor hearing 
aids imposes several problems in attempting 
to achieve very high gain with low battery capac- 

ity and subminiature components. In addition, it is 
necessary to obtain low distortion figures at collector 
voltages of approximately one volt. For this reason 
it is difficult to apply the usual temperature stabiliza- 
tion to the emitter circuit and at the same time de- 
velop sufficient collector current swing. It is the pur- 
pose of this paper to outline some of the techniques 
peculiar to the design of transistor hearing aid am- 
plifiers used at low battery voltages and to describe 
typical circuits. 

Figure 1 is a photograph of a new Audi-Optic series 
of hearing aid eyeglasses developed by Electro Acous- 
tic Research Labs. The size requirements for the 
eyeglass type of hearing aids have dictated the use 
of R-C coupled stages in place of the usual trans- 
former coupled stages found in the larger instru- 
ments. The collector voltage drops will then of con- 
sequence be greater, and the selection of the proper 
transistor operating point will be fairly well fixed by 
the maximum obtainable V, after the proper load 
resistance has been determined. 


Temperature Stabilization Requirements 


Figure 2 is a curve of collector current vs gain for 
a typical p-n-p hearing aid transistor. It may be seen 
that the point of maximum gain occurs at I. ~ 0.40 
ma. To use this relatively low value of collector cur- 
rent it is necessary to apply only that amount of tem- 
perature stabilization required to prevent the satura- 
tion current I,, from approaching the minimum 
collector current. Since the maximum collector cur- 
rent swing is dependent upon the gain and the power 
level at which the stage is to operate, the amount of 
stabilization necessary for any given stage may be 


* Electro Acoustic Research Laboratories 


*R. F. Shea, “Transistor Audio Amplifiers,” John Wiley and 
Son, N. Y. pp 130-132. 


*S. E. Lipsky, “Hybrid Hi-Fi Amplifier,” Electronic Design, 
May 1, 1957 issue p 78. 
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Fig. 1—Audi-Optic hearing aid eyeglasses. 


decreased or eliminated entirely if, (a) the value of — 
the I, is predictably low, (b) we limit the maximum | 
temperature to be encountered, and, (c) we operate | 
at small signal levels. . 

Available transistors for hearing aid manufacture | 
now have excellent saturation current properties — 
compared to earlier units. A typical quantity of 
units tested had I., values of less than 3 microamperes — 
measured at a collector voltage of 3 volts and at room 
temperature (27°C). Since the total saturation cur- 
rent is composed of two components; namely the leak- 
age current and the thermally generated current, it is 
hard to fix the predicted drift of I... A rather rough 
rule of thumb is to double the value of I, for every 
10°C rise or approximately; 


(Tee) a Te (T;—To) 78S) (1) 


where: (I.o); is the new value of I,, at the final tem- 
perature T; 
I,, is measured at T, and at a voltage of 3 
volts. 
T, is the initial temperature in degrees centi 
grade q 
If the contemplated temperature of operation of the 
hearing aid is not to exceed 37°C, for a transistor 
with a measured I,, of 3 microamperes at 27°C, the 
final value of I,, will be approximately 6 microam- 
peres. 
For a transistor with a beta of 100 the grounded 
emitter leakage current will rise to 600 microamperes. 
This places a limit on the minimum current swing, 
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| The early stage designs of transistor hearing aids 
ye generally concerned with obtaining optimum 
jain at low values of operating current. In the eye- 
@.ass unit shown, a practical limit on the overall elec- 
fical gain figure is approximately 75 db. This limit is 
gnposed by the maximum acoustical gain before feed- 
#ack and the power handling abilities of the input 
nd output transducers. 

The stage shown in Fig. 3 was designed to provide 
input impedance of 7000 ohms to minimize the 
igh frequency loading of a nominal 2000 ohm micro- 
hone (measured at 400 cps). Of the many high im- 
edance transistor circuits available, the common 
Mmitter configuration with degeneration in the form of 
urrent feedback is the most suitable. By eliminating 
he usual emitter by-pass capacitor a high input im- 
vedance is achieved at the expense of gain, however 
he stage is linearized with respect to distortion and 
small amount of temperature stability is obtained 
us compared to other circuits, since an added resistor 
R1) is in the emitter stabilization loop!. This method 
ay also be used to provide additional negative in- 
verse feedback from a subsequent stage to adjust the 
trequency response if desired?. 

The stage shown in Fig. 3 provides a gain of 23 db 
ith input and output impedances of 8000 and 1900 
ohms respectively at a collector current of 250 micro- 
amperes. The total harmonic distortion is well under 
0.75 percent at levels at which this stage is to operate. 
e transistor beta values are in order of 100. The 
input impedance is fairly constant with different 
transistors, due to the applied feedback, and the fre- 
quency response is far better than that of the avail- 
able transducers. 

Figure 4 is the diagram of another circuit that is 
best used as an intermediate stage where the extreme 
‘constant input impedance is not required. It may be 
seen that there is no temperature stabilization in the 
emitter circuit for economy of components and the 
‘reasons outlined above. The gain of this stage is 28 db 
and the input and output impedances are 5000 and 
2900 ohms respectively. The collector to base voltage 
of this stage is 0.45 volt which limits the collector 
voltage excursion to about 300 millivolts of signal 
swing. The quiescent current is 230 microamperes. 

The output stage of a hearing aid that is expressly 
designed for an eyeglass unit presents several unique 
problems. A polarizing current of not more than 2 
ma d-c must flow through the special miniature out- 
put transducers, for the proper performance of these 
‘units. The output stage therefore must draw a design 
center quiescent current of about 1.5 ma to satisfy 
this requirement, and in many cases it is necessary to 
jig select the output transistor to hold accurately to 
this value. 
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Fig. 2—Collector current vs. gain curve for a typical 
p-n-p hearing aid transistor. 
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Fig. 3—High impedance input stage with gain of 23 db. 
Input impedance — or > 8000 ohms. Battery drain — or 
< 270 microamperes. 
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Fig. 4—Intermediate gain stage providing better 
than 28 db of gain at low distortion levels. Battery 
drain — or < 230 uA at 27° C. 


The circuit shown in Fig. 5 overcomes this and 
several other difficulties. It may be seen that negative 
inverse current feedback in the form of emitter de- 
generation is applied as before. Although this reduces 
the available collector to base voltage somewhat 
(0.14 volt), the total harmonic distortion is greatly 
reduced and values of less than 3 percent may be 
obtained at reasonably high levels. Another important 
effect of the degeneration is to improve the overload 
characteristics of the stage, an important feature in 
hearing aids where sharp transients must be clipped. 
The degeneration further aids in the transistor selec- 
tion and adds some temperature stability. The loss in 
gain due to the degeneration is compensated for by 
less matching loss from the previous stage, as a result 
of the higher input impedance of the output circuit. 
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Fig. 5—High level output stage with 21 db of gain. High 
level distortion in order of 3%. 


Fig. 6—Three stage transistor hearing aid has gain of 
60 db with battery drain of about 2 ma. 


Noise Considerations 


Early hearing aid transistors were not as satisfac- 
tory from a noise consideration point of view as pres- 
ently available units. It is now possible to obtain 
quantity shipments of transistors with noise figures 
of less than 10 db with an excellent majority group- 
ing of noise figures at 6 db. These figures are meas- 
ured at a collector voltage of 2.5 volts, a collector 
current of 500 microamperes and with a generator 
impedance of 1000 ohms. The noise is measured in a 
narrow bandwidth centered at 1000 cycles although 
the integrated noise factor does not differ appreciably 
from 16 cycles to 20 kilocycles. The value of source 
impedance of 1000 ohms is favorably matched by the 
available microphone units of approximately the 
same impedance. 

The theoretical noise voltage E,,, due to the genera- 
tor resistance alone, may be determined as follows; 


(2) 


Joule/°Kelvin (Boltzman’s 


E, — V 4RTR Gif) 


where: K = 1.37 x 10-23 
Constant) 
R = 10? ohms 
T == 300 °Kelvin 
2 = 3500 cycles/sec 
f: == 200 ecycles/sec 
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The noise as determined from the above is 0.233 
microvolt over the frequency range indicated. I 
should be noted here that the limiting factors ix 
frequency response are the transducers. The equiva- 
lent noise input in the first stage, with a transisto 
having a noise factor of 6 db, would be 0.47 micro- 
volt. This value is the minimum voltage necessary t 
produce a 1 to 1 signal to noise ratio provided that the 
signal to noise ratio is not deteriorated in later stages. 

The signal to noise ratio of overall circuit is difficult 
to evaluate since the response curve of the microphone 
is markedly peaked. This peaking is necessary to ac- 
centuate the mid-band speech frequencies and to 
give sufficient output level from the transducer. At 


normal levels however, the average open circuit 


microphone voltage is approximately .05 mv. With 
the input noise level as a limit on the overall signal 


to noise ratio, values of 40 db are realizable in most 


circuits. 


Complete Unit 
Figure 6 is a complete schematic which is repre- 
sentative of such a 3-stage transistor hearing aid am- 


plifier. The volume control is placed between the first — 


and second stages to maintain a good signal to noise 


ratio and to prevent early stage overload. This con-— 


trol is isolated from d-c to prevent contact noise and 
has a special taper to give a smooth audiometric re- 
sponse. The total current drain of the circuit is 2.2 
ma at a battery voltage of 1.3 volts which is supplied 


by a single Mercury Cell. The overall electrical gain — 
is in excess of 60 db and the unit develops less than — 
3.6 percent total harmonic distortion at rated output, 


decreasing with level setting. 

It is interesting to compare the gains on a stage by 
stage basis. The first stage develops a loaded voltage 
gain of 20 db which is consistent with design re- 
quirements. A higher voltage gain of 26 db is pro- 
vided by the second stage loaded into the high input 
impedance of the output amplifier, which adds an 


additional voltage gain of 14 db. As compared to the © 


unloaded gain values, the matching loss is in most 
cases only 3 db. This is due, in part, to the higher 
intermediate impedance levels reducing the usual 
6 db matching loss. The values of interstage coupling 
capacitors are reduced somewhat as a result of the 
higher impedances, typical values ranging from 0.1 
to 2 uf. 

It is important to evaluate the marginal stability 
performance of any battery operated device especially 
where large signal gains are involved. This may be 


done by inserting a variable resistance in series with 


the battery and increasing this resistance until low 
frequency oscillation occurs. With the circuit de- 
scribed no oscillation will occur at any value up to 
the end-point of the recommended battery supply. 
The engineering technique outlined here may be 
utilized in the design of instruments of higher gain. 
Although it is possible to achieve greater values of 
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é than 60 db by removal of the various feedback 
‘Ups, the distortion figures will be materially deteri- 
Mted. A test of several competitive instruments 
Bicated that distortion percentages of greater than 
#percent were present for gain increase of less than 
&b over the three stage instrument. 

»Where more gain is required, in cases of severe 
Waring impairment, and where acoustical conditions 
irmit, the addition of a fourth stage should be con- 
ered. In this way the additional gain will not be 


N COMPARISON with a standard five-transistor 

receiver, the reflex receiver has the advantages of 

high sensitivity and good frequency response made 
ossible by negative feedback at audio frequencies. 
ts disadvantages, an increased tendency to overload 
m strong signals and a residual volume or “play- 
hrough” effect, are minimized by proper circuit de- 
ign and choice of operating points. 

In conventional transistor receiver designs, i-f or 
judio-amplifier stages are often sacrificed to reduce 
pace, weight, and cost. The r-f, i-f, and audio quality 
f the reflex receiver described in this paper compares 
vell with that of receivers having a greater number 
f£ amplifying elements and components, but its cost, 
pace, and power requirements are much lower than 
hose of the larger receivers. 


Semiconductor Division 
tadio Corporation of America 
Somerville, New Jersey 
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derived at the expense of good distortion figures. The 
particular instrument illustrated in Fig. 1 makes use 
of this principal. An electrical gain of better than 75 
db is obtained in four stages with an increase of only 
230 microamperes of battery current as compared to 
the three stage circuit. The maximum power output 
of this circuit is greater than the power handling 
capabilities of many miniature transducers and the 
total harmonic distortion at these levels is less than 
5 percent. 


Design Considerations for 


Transistor Reflex Receivers 


ROGER V. FOURNIER* 


This paper discusses the use of reflex-amplifier techniques in transistor superheterodyne 
receivers, and presents practical design information on the construction and performance 
of such receivers. 


Description of Basic Circuit 

The reflex receiver shown in Fig. 1 employs five 
RCA p-n-p alloy-junction transistors as follows: a 
2N411 is used as the converter unit, two 2N409’s are 
used as 455-kilocycle i-f amplifiers (the second i-f 
transistor also amplifies a-f signals), and two 2N407’s 
are used in the Class B push-pull audio-output stage. 
(The long-lead equivalents of these transistors are, 
respectively, 2N412 converter, 2N410 i-f, and 2N408 
audio.) A 1N295 or equivalent diode is used as a sec- 
ond detector. 

The receiver operates from a 9-volt supply with a 
total no-signal current drain of 9 milliamperes, and 
produces a power output of 200 milliwatts at a dis- 
tortion of 10 per cent and a “squawk” power output 
of 300 milliwatts. The sensitivity of the set is 120 mi- 
crovolts per meter for a 50-milliwatt output and an 
a-g-c Figure of Merit of 60 db (a radiated signal of 
500,000 microvolts per meter is used as a reference). 
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Cy; 12 - 230LuUF T, ; PRI.3000 OHMS; SEC. 2000 OHMS. e: 


C2;10 - lOSLUF T2;PRI. 800 OHMS; SEC. VOICE COIL. 
Cy; O- 20KMF T ; 54 OHMS @50°C; 150 OHMS @ 25°C; 
D ; IN87G,IN295,CR EQUIV, 495 OHMS @ O°C. 


Fig. 1—Schematic diagram for five-transistor reflex receiver. 


The antenna circuit shown in Fig. 1 is derived from 
a ferrite-loop type of antenna which is highly suitable 
for receivers of this size. Because the sensitivity of 
the receiver is proportional to the volume of the fer- 
rite, the largest possible loop consistent with available 
space in the receiver cabinet should be employed. 
However, consideration must be given to the orienta- 
tion of the antenna to avoid unwanted coupling with 
other circuit elements, particularly the oscillator coil 
and second-detector circuitry, and the number of 
ground loops should be kept to a minimum. Harmonic 
tweet generation can be reduced to acceptable levels 
by placing critical elements away from the antenna 
loop, and possibly by shielding. 

The converter circuit and associated coil data pro- 
vide for interchangeability between individual 2N411 
transistors without problems of oscillator fall-out at 
low battery voltage, or improper excitation, regenera- 
tion, or blocking at full voltage. 

The converter is operated without a-g-c to avoid 
converter cutoff and resultant loss of local oscillation. 
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Fig. 2—Image rejection and sensitivity of reflex receiver 
as functions of frequency. 
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An overload crystal diode is connected in parallel: 
with the tuned collector circuit of the converter. Its; 
function will be described fully during the discussion: 
of a-g-c considerations. 

The design of the first and second i-f amplifier 
stages also provides for interchangeability between: 
individual 2N409 transistors. These stages utilize fixed) 
unilateralization, as shown in Fig. 1. The i-f coil de- 


FREQUENCY DEVIATION FROM IF — KILOCYCLES 
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Fig. 3—Tracking curve for transistor reflex receiver. 


sign provides maximum gain with excellent a-c an 
d-c stability at temperatures ranging from zero to 5 
degrees centigrade. 

The second i-f stage is a reflex amplifier which am 
plifies at both intermediate and audio frequencies 
The operating point of this stage is critical from the 
standpoint of (1) overload distortion due to the pos- 
sible presence at the input of relatively large audio 
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inals which can excessively shift the quiescent op- 
#ting point, and (2) play-through, i.e., the occur- 
fice of a-f output when the volume control is set at 
ihe The manner in which these disadvantages are 
Beved will be discussed later. 
qine second detector diode has a dual role. It pro- 
les an additional degree of temperature compensa- 
#n as well as developing an a-g-c voltage for the 
se of the first i-f stage. Although the initial bias 
tage on the detector diode is approximately 100 
ivolts, the bias increases with temperature so that 
acompensates for the increased collector current in 
first i-f transistor caused by increasing ambient 
anperatures. 
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ig. 4—Selectivity curves for transistor reflex receiver. 


The input of the push-pull Class B audio-output 
age is transformer-coupled to the reflex amplifier, 
which serves as a driving source of excitation. A 
ermistor is included in the bias network of the out- 
ut transistor to maintain essentially constant circuit 
erformance during ambient-temperature variations. 
‘hermistor compensation also provides stable opera- 
ion at rated power output levels in excess of 150 mil- 
watts. The idling current of the output transistors 
ncreases as the temperature increases and can cause 
hermal runaway. The thermistor prevents large in- 
reases in idling current from occurring at elevated 
emperatures. 

The impedance-transformation ratios of the driver 
nd output transformers are given at the bottom of 
‘ig. 1. The impedance values for the driver trans- 
ormer were selected to yield optimum sensitivity at a 
yw audio-distortion value. The output-transformer 
urns-ratio was selected to match the RCA high-effi- 
iency, 234-inches 12 ohm speaker, and to provide a 
rimary impedance which limits the collector current 
» rated values at high degrees of excitation. 

The performance curves shown in Figs. 2, 3, 4, 5, 6, 
nd 7 indicate receiver sensitivity and image rejec- 
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Fig. 5—A-G-C and signal-to-noise ratio as functions of 
radiated signal voltage. 


tion, tracking, selectivity, a-g-c and signal-to-noise ra- 
tio, distortion, and frequency-response characteristics, 
respectively. The excellent a-g-c characteristics and 
audio-frequency response of the reflex receiver should 
be noted. 


Residual Volume Effect In Reflex Receivers 


Play-through, the occurrence of an audio-frequency 
output with minimum setting of the volume control, 
may be a problem in a reflex receiver. This condition 
may also cause a “minimum-volume effect,” in which 
minimum volume from the receiver is obtained when 
the volume control is at some setting slightly above 
zero. At the point of minimum volume, the output sig- 
nal is very badly distorted because the fundamental 
frequencies are cancelled out between the normal sig- 
nal and the out-of-phase play-through signal. Both 
play-through and, consequently, the minimum-volume 
effect may be reduced to practical insignificance by 
proper design. 

The play-through effect in a reflex receiver is due 
to rectification caused by the curvature of the tran- 
sistor transfer characteristic. Because play-through 
increases as the input signal is increased, the a-g-c 
system must be designed so that large signals are pre- 
vented from appearing at the input of the reflex stage. 
Because play-through is a function of rectification 
and, therefore, of the curvature of the transfer char- 
acteristic, it is a variable depending on the bias. By 
proper selection of the bias on the reflex stage, the 
play-through effect can be made practically negligible. 
The “minimum-volume effect” is also reduced propor- 
tionally because it is caused by the presence of play- 
through. 

The utilization of volume controls which exhibit 
very little residual resistance at zero setting also helps 
to minimize the problem of audio output at minimum 
setting on the volume control. Most potentiometers 
employed for volume-control purposes on small re- 
ceivers have a residual resistance of approximately 
five to ten ohms at zero setting. This resistance may 
be troublesome, especially when the receiver is tuned 
to a powerful station in a quiet room. For this reason, 
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Fig. 6—Total harmonic distortion of reflex receiver as a 
function of power output. 


and because of the play-through effect mentioned 
above, a reflex stage is usually followed by a power- 
output stage rather than an audio driver or preampli- 
fier feeding the output stage. 

When the volume control of the receiver shown in 
Fig. 1 was set at zero, the residual resistance of 3 ohms 
produced an audio output of less than one milliwatt 
for a radiated signal of 50,000 microvolts per meter. 
Listening tests in a quiet room indicated that this 
level is not objectionable. 


A-G-C Considerations In The Reflex Receiver 


After the appropriate bias for the reflex stage has 
been chosen to minimize play-through, a rapid in- 
crease in play-through and modulation distortion may 
be observed when input signals rise above some criti- 
cal level. This effect occurs whenever the reflexed 
audio signals become large enough to exceed the bias 
on the reflex stage and thereby shift its quiescent op- 
erating point. In such a case, the a-g-c system must be 
designed to prevent signals of this magnitude from 
appearing at the base of the reflex stage. 

Although the application of a-g-c voltage to the con- 
verter stage would be desirable to help control over- 
load problems, it would also introduce the possibility 
of oscillator fall-outs and frequency shifts. Measure- 
ments indicate that application of the developed a-g-c 
voltage to the first i-f stage does not yield a sufficient 
a-g-c range to prevent serious play-through and dis- 
tortion on strong radiated signals. This fact suggests 
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Fig. 7—Frequency-response curve for transistor reflex 
receiver. 
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the possibility of applying a fraction of the a-g-c volt 
age to the reflex stage. 

However, a good criterion for the “proper” fraction 
of a-g-c is rather elusive. If the fractional a-g-c ap- 
plied to the reflex stage is too small, the rectified a4 
signal returned to the base from the collector of the 
reflex stage may exceed the bias on the transistor and 
cause a shift in operating point with attendant distor- 
tion. If the fraction of the a-g-c applied to the reflex 
stage is too large, the a-g-c characteristic will tend to 
reach a maximum output and then fall off with i 
creasing radiated signals. The worst effect of excessive 
control is the inability of the receiver to deliver full) 
audio output on strong stations even with maximum 
volume control. Also, in such a case, tuning directly 
to the carrier of a powerful station produces less out 
put than tuning to one side of the carrier band. As 2 
result, two adjacent tuning positions exist at which 
maximum volume can be obtained. The reduction in 
bias caused by the a-g-c action also produces a shift in 
operating point toward the curved region of the trans- 
fer characteristic and, consequently, an increase in) 
play-through. ; 

In view of the difficulty of applying fractional a-g-¢ 
to the reflex stage, a different method of control is’ 
employed. In this method, a crystal diode in the col. 
lector circuit of the converter is used to prevent over-’ 
load conditions from occurring on strong signals. Ini 
effect, the diode is in parallel with the tuned collector: 
circuit of the converter stage. As shown in Fig. 1, the: 
diode is reverse-biased. Under moderate radiated: 
fields, it presents a relatively high impedance to the) 
tuned circuit. With increasing signal strength, the: 
a-g-c action decreases the bias on the diode, thereby: 
reducing its impedance. This reduced impedance effec- 
tively shunts or “loads down” the tuned collector cir-= 
cuit and causes attenuation of the i-f signal level. The: 
effect of this action is to extend the range of the a-g-e) 
system so that overloading does not occur when the: 
receiver is tuned to a strong station, and yet full re- 
ceiver gain can be obtained on weaker signals. The: 
overload diode also helps to maintain a more uniform: 
bandwidth with signal strength. 


Reflex Gain Stability, Frequency Response, 
And Distortion 

The 33,000-ohm feedback resistor in the reflex stage: 
is used as a degenerative element to prevent excessive! 
variations in over-all gain. The negative feedback also 
helps to extend the frequency range of the audio re- 
sponse and to reduce distortion and play-through ef- 
fects. As shown in Fig. 7, the 3-db-down points on the 
audio-response curve occur at 150 and 3000 cycles per 
second, with a very slow roll-off at both ends of th 
spectrum. The audio distortion and frequency re- 
sponse of the reflex receiver compare very favorably 
with that of most receivers of similar size, and, i 
many instances, its performance is better than that o 
larger sets. 


On 


_ ‘Tantalum 
| Capacitors 


SAM KASS* 


‘Semiconductor devices lend them- 
Ives admirably to miniaturization 
F equipment. It is not enough how- 
ver that the semiconductor device 
‘self be miniature in form but that 
e components associated with the 
emiconductor be miniature as well. 
me of the newer devices that has 
ecently taken great strides in min- 
aturization is the Tantalum Capaci- 
or. 
What is tantalum? It is a rela- 
ively scarce metal which has re- 
placed aluminum in the manufac- 
ure of many types of electrolytic 
apacitors, resulting in the end 
Sroduct we know as a tantalum ca- 
dacitor. 
The problem of separating the 
dure tantalum from the rare min- 
erals with which it is always found 
in combination proved so difficult 
hat it was named after the Greek 
mythical character, Tantalus, who is 
represented as standing in water up 
to his neck with delicious fruits 
hanging over his head which always 
elude his grasp when he attempts 
to reach for them. Certainly all who 
have sought the elusive tantalum 
capacitor must appreciate the feel- 
ings of the floundering Greek King. 
During the century which fol- 
lowed the discovery of the new 
element in 1803, several methods 
were worked out which succeeded 
in the extraction of small quantities 
of relatively pure tantalum from the 
ore. But it is only quite recently, 
after considerable research, that a 
process was developed for obtaining 
high-purity tantalum on a produc- 
tion basis. So difficult and costly is 
this process that the finished metal 
is valued at about ten times the 
metal in the natural ore. 
The pure tantalum takes the form 
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COMPARISON OF CAPACITOR SIZES 


IPNARAT: 
Paper Electrostatic 
Ceramic Electrostatic 
Metalized Paper Electrostatic 
Aluminum Electrolytic 
Tantalum Electrolytic 


100 VDC 500 VDC 1000 VDC 
100% 100% 100% 
96 250 400 
65 539 1330 
23 30 67 
15 25 50 


Fig. 1—Comparison of capacitor sizes with the various types of materials 
used and voltage ratings of the capacitors. 


of a fine powder which is then 
formed into rough ingots and rolled 
down into a thin foil. Since tantalum 
possesses remarkable malleability, 
it is possible to produce foil as thin 
as 0.0005”, but the process requires 
very expensive equipment and a 
high degree of skill. The cost of 
tantalum foil may be said to be in- 
versely proportional to its thickness, 
increasing sharply as the limit of 
useful tenuity is approached. This 
property is important because it ac- 
counts in large measure for the rel- 
ative smallness of tantalum foil 
capacitors. 

The chemical inertness of tanta- 
lum is its most valuable asset. It is 
not attacked by hydrochloric or ni- 
tric acids or aqua regia under any 
conditions, and it is able to with- 
stand sulfuric acid of average 
strength,—even highly concentrated 
solutions attack it slowly. Its melting 
point is very high, almost 3000 de- 
grees C. 

It may be of interest to know that 
the first use found for tantalum was 
in the manufacture of filaments for 
incandescent light bulbs. These were 
called tantalum lamps and were 
patented by Werner von Bolton, a 
Russian chemist, who was also the 
first to successfully produce rela- 
tively pure tantalum metal in 1905. 
Unfartunately for von Bolton, the 
tantalum filament which worked fine 
on dire*t current, rapidly crystal- 
lized when burned on alternating 
current. By 1913 the tantalum lamp 
disappeared from the market. 

Balkite rectifiers use a tantalum 
electrode which is a good conductor 
when serving as the cathode but 
quickly forms a nonconducting 
oxide layer when the current is re- 
versed. The highest testimony paid 
to the remarkable inertness of tant- 
alum is attested to by its increasing 
use as a surgical implant in the 
human body. 

There are two important limita- 
tions in the use of aluminum for 
capacitors, these being the existence 
of copper and iron impurities in 
aluminum, and the solubility of alu- 
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minum oxide in acid solutions no 
matter how dilute. The impurities 
(normally present even in 99% pure 
aluminum), immersed as they are 
in an electrolyte, react like a bat- 
tery, causing current to flow, and 
result in corrosion of the electrodes 
and a short shelf life. When these 
impurities appear on the surface of 
the foil, high leakage currents result 
accompanied by local heating when 
voltage is applied. 

The ease with which electrolytes 
dissolve aluminum oxide necessi- 
tates the reformation of all such 
units before they are placed in oper- 
ation. In circuits where no polar- 
izing voltages are present, an alu- 
minum unit will first increase in 
capacity as the oxide layer dissolves, 
then decrease as the electrolyte 
evaporates. 

Tantalum’s fitness for use in elec- 
trolytic capacitors,—as first shown 
by A. Guntherschulze in 1926—may 
be judged by its ability to overcome 
the inadequacies enumerated above. 
Tantalum and its most common im- 
purity, columbium, form oxides 
which are not attacked by electro- 
lytes, resulting in a stable oxide 
layer requiring no reformation 
when units are secured from stock 
after periods of storage. Since dis- 
solution of the dielectric film cannot 
take place, better sealing techniques 
for more effective retention of the 
electrolyte are possible. An addi- 
tional advantage is the reduced size 
in comparison with other types. (See 
Fig. 1) 

Though acids are desirable as elec- 
trolytes because of their excellent 
conductive ability, the dangerously 
corrosive effects of such solu- 
tions make their use today undesir- 
able. Many Slug capacitors use cor- 
rosive solutions because the elec- 
trode spacing requires a_ highly 
conductive electrolyte. The narrower 
spacing achieved in Foil construction 
makes possible the use of somewhat 
less conductive, but non-corrosive 
electrolytes. Non-corrosive electro- 
lytes now in common use are lithium 
chloride, boric acid, and some glycol 
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borate solutions. The halide salts are 
not compatible with easily reactive 
aluminum oxide. These electrolytes 
have a very low freezing point an 

are chiefly responsible for the lower 
end of the exceptionally wide range 
of operating temperature rating of 
the standard tantalum capacitor. (See 
Fig. 2) This range is a freezing 
minus 55 degrees to a very warm, 
almost boiling, plus 85 degrees centi- 
grade. The problem of vapor pres- 
sure of the electrolyte and the sta- 
bility of the oxide layer limits the 
upper temperature range to 85 de- 
grees C. Constructional ingenuity 
has enabled General Electric to push 
the upper range to 125 degrees C. 
This advance is achieved by em- 
ploying two cases or containers sep- 
arated by teflon bushings which 
adds resistance to the vapor pres- 
sure and serves as end-seals to pro- 
tect the electrolyte within the inner 
case. Also, the 85 degree C working 
voltage is de-rated by one third. 

It might not be amiss at this point 
to emphasize that the life qualifica- 
tion of the high temperature tanta- 
lytic is in excess of 1000 hours 
continually energized with rated 
voltage at maximum ambient tem- 
perature, that is, 125 degrees C, with 
no more loss than 20% of the initial 
capacitance allowed. 

At least four distinctly different 
species of tantalum capacitors are 
available. Though all use the same 
tantalum metal, they vary radically 
in construction. The two most wide- 
ly used types are best known as 
“Foil” and “Slug”. In spite of con- 
siderable differences, they have been 
used interchangeably in many appli- 
cations where electrical specifica- 
tions permitted. 

The Slug type consists of a porous 
tantalum slug sealed into an un- 
insulated silver case. The slug forms 
the anode electrode and the silver 
case serves as the cathode electrode 
and also doubles as the container 
for the electrolyte. No mechanical 
spacers are used. The construction 
of the Foil type is similar to conven- 
tional paper and electrolytic capaci- 
tors. Both the anode and cathode 
electrodes are sheets of tantalum 
foil separated by a porous spacer 
material which is thoroughly im- 
pregnated with the electrolyte. 

It should be remembered that 
electrolytic capacitors are usually 
polarized to work when the current 
flows in one given direction only. 
The oxide film which serves as the 
insulating medium will act as a di- 
electric only as long as the positive 
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TANTALUM 
- ELECTROLYTIC 


=ALUMINUM 
ELECTROLYTI\ 
ait 


PERCENT CHANGE OF 25°C CAPACITY 


-60-40-20 0 20 40 60 80 100 120 140 
TEMPERATURE °C 


Fig. 2—Characteristic variation of 
Aluminum and Tantalum Electroly- 
tic capacitance with temperature. 
Note low temperature characteristic 
of Aluminum which renders it prac- 
tically useless at —55° C. 


polarity of the anode is maintained. 
If the polarity is reversed, the ca- 
pacitor will be destroyed. In view 
of the foregoing, it is obvious that 
the Slug type can be used in d-c 
circuits only, because silver is not a 
film-forming material. On the other 
hand, the Foil type can be made 
non-polar because both electrodes 
are tantalum and both can form di- 
electric films. Thus each electrode 
in turn may be positive and then 
negative without damage to the ca- 
pacitor because each electrode has 
its own dielectric film. 

A second advantage stems from 
this duality of Foil type electrodes. 
Even slight reversals of voltage are 
a threat to the life of a Slug capaci- 
tor. But in the Foil type, the cathode 
electrode is normally made with a 
five volt formation of dielectric film 
thus providing a margin of safety 
against small voltage reversals. Po- 
larized foil capacitors may be said 
to be non-polar for voltages under 
five. 

Plain foil capacitors use more 
tantalum material than the Slug 
type because both electrodes are of 
tantalum compared to but one in 
the Slug. But, by using etched foil 
design, no more tantalum is needed 
for a given unit of capacity than is 
used in a single slug. Etching in- 
creases the foil surface area, thus 
increasing capacity without a corre- 
sponding increase in foil material. 

Tantalum dielectric films are lim- 
ited to 150 volts d-c. This voltage 
limitation is imposed by the phe- 
nomenon of scintillation or arcing 
between points on the tantalum 
through the surrounding electrolyte 
solution when higher voltages are 
applied. Foil types are available at 
150 volt ratings; Slug types at 125 
volts. Higher voltage ratings may 
be secured by using series arrange- 
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ments of two or more units. If the 
IR (voltage) drop across each unit 
is held within 85% of the rated 
voltage, then no balancing resistors 
are required, ; 

The contour of the cylindrical Foil 
type makes it adaptable to sub- 
assembly and printed circuitry, and 
its compatibility with standard re- 
sistor and electrostatic capacitor 
shapes aids compactness of chassis 
layout. The case of the Foil type is 
in a “floating” condition and mt 
be insulated by means of mylar 
sleeving unless the cathode elec- 
trode is at common chassis ground, 
Since the silver case of the Slug 
type is always negative, it may be 
mounted directly on the chassis, 
Within a low voltage and small ca- 
pacitance compass the Slug con- 
struction achieves a smaller sized 
unit than Foil construction. The pro- | 
duction techniques developed for so_ 
many years in the making of alumi- 
num foil capacitors are now being : 
directly applied in the manufacture - 
of tantalum foil capacitors. 

A third type of construction is | 
known as the Wire type. It is similar» 
to the Slug type except that where » 
one uses a sintered, porous slug of | 
tantalum as the anode electrode, the - 
other uses an etched length or coil | 
of tantalum wire. They are exceed- - 
ingly small, no more than the size - 
of an oat grain. Their d-c voltage 
rating rarely exceeds 20 at a half uf. 
or 1 volt at 30 uf. They are used | 
principally in hearing aids. 

A fourth, and much more inter-— 
esting development is the Solid | 
tantalum type in which the “electro- - 
lyte” is an inorganic, non-volatile, | 
solid semi-conducting material such | 
as manganese dioxide. Advantages | 
are immediately obvious. Electrolyte + 
evaporation ceases to be a problem, , 
the temperature range drops to —80 | 
degrees C, true hermetic sealing: 
becomes feasible, vibration charac-— 
teristics are improved, and longer ' 
shelf life may be expected. However, 
the voltage limit of Solid units now ' 
available is 60 volts. 

The manufacture of tantalum ca- 
pacitors is a relatively new and ex-— 
citing field. As such it is expected — 
that the evaluation of experience in. 
field and laboratory will result in. 
continued improvements. No better: 
gauge of the importance of this ca-_. 
pacitor development can be cited 
than the complete engagement in| 
the manufacture of tantalum capaci- | 
tors by every firm of any conse-| 
quence in this highly competitive | 
branch of the industry plus a few! 
new ones who jumped in when the| 
initial problems of tantalum fabri-| 
cation were solved. 


| lectronic Measurements Co., Inc. 
4tulletin 350. Application engi- 
red power packs. The Regatron 
jper-regulated) Series includes 
grammable transistor types, gen- 
| purpose types and non-pro- 


able types. 


Circle 56 on Reader Service Card 


fewlett Packard Company—Cata- 
| 23A. 146 page book contains 
cifications, applications and num- 
S on a wide variety of test equip- 


ircle 57 on Reader Service Card 


Superior Electric Co.—Bulletin 
58G. 99 page book contains com- 
‘te ratings of their line of Power- 
't variable transformers. The latter 
an autotransformer of toroidal 
e design with a movable brush- 

riding on the rhodium-plated 
ed portion of the winding. 
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onant Laboratories—Booklet en- 
led “Instrument Rectifiers—Re- 
sed Edition.” 40 page booklet 
scusses and describes various ap- 
ications of instrument rectification. 
so makes available an Instrument 
sctifier Replacement Guide pro- 
ding excellent replacement infor- 
ation on currently used test equip- 
ent. 
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Industro Transistor Corp.—Cata- 
g of radio circuits for transistors 
ith recommended transistors, coils 
ad transformers. 
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Victory Engineering Corp.—Cata- 
g of their VECO products includes 
hermistors, Varistors, Gas Analysis 
ells and other related items. 
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The Electric Hotpack Co., Inc.— 
lew Products Bulletin on Safety 
ens. 12 Models for operation 35° C 
» 260° C. Temperature Differential 
° C. Special sizes to order. 
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New Literature 


Computer Control Co., Inc.—Cata- 
log T. Digital Modules. Transistor- 
ized 1 MC. Plug-in T-PACs use ad- 
vanced logical building block tech- 
niques. 


Circle 52 on Reader Service Card 


Industro Transistor Corp.—Bro- 
chure on ABC’s of Transistor Data 
Charts. Definition of ratings, charac- 
teristics and interpretation of column 
headings. 


Circle 79 on Reader Service Card 


Environmental Equipment Corp.— 
Catalog environmental test chambers 
for humidity, temperature, altitude, 
sand and dust, fungus, rain and sun- 
shine, explosion, vibration. 


Circle 54 on Reader Service Card 


Nicad Division, Gould-National 
Batteries, Inc.—Bulletin 501A _ on 
their nickel cadmium miniaturized 
alkaline storage batteries. Capaci- 
ties % AH to 150 AH. Nominal cell 
voltage 1.2 volts. Temperature 
range: —60° F to +200° F. 
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Lambda Electronics Corp.—News- 
letter, March 1958, Lambda Power 
Supplies. Wide variety over a large 
range of voltages and currents. 
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Photocircuits Corp. — “Standard 
Printed Circuit Tolerances’”—Tech- 
nical bulletin P-9b contains concise 
clearly defined guides for design 
engineers and layout draftsmen in 
the preparation of original circuit 
designs. 
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Texas Instruments, Inc.—Catalog 
March, 1958. Silicon and germanium 
transistors, silicon diodes and recti- 
fiers, precision film resistors, solid 
tantalum capacitors, the new “Sen- 
sistor” silicon resistors, diffused base 
germanium transistors. Wide variety 
of sizes and applications. 
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Hoffman Electronics Corp.—Hoff- 
man Semiconductor Application 
Notes. The use of silicon junction 
diodes to protect sensitive current 
devices. First in a new series of 
semiconductor application bulletins. 
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General Electric Co.—4 page illus- 
trated brochure on germanium alloy 
junction transistor types 2N43 and 
2N44. Industrial and military signal 
transistors designed for low to 
medium power applications. 
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International Rectifier Corp.— 
Bulletin SR304 and SR225 describes 
silicon power diodes and high voltage 
silicon cartridge type rectifiers. 
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Pacific Semiconductors, Inc.— 
Folder containing information on 
their voltage-variable capacitors 
with application information, silicon 
diffusion computer diodes, silicon 
cartridge rectifiers, miniature and 
subminiature silicon rectifiers, high 
conductance silicon diodes, general 
purpose silicon diodes, miniature and 
subminiature point contact ger- 
manium diodes. 
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Englehard Industries, Inc.—Bulle- 
tin on new Atomex immersion gold 
solution for depositing a thin layer 
of 24 karat gold by means of a sim- 
ple bath. 
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Temperature Engineering Corp.— 
Catalog on the Tempcor Vac-u- 
Therm vacuum chambers for high 
temperature low pressure drying, 
testing or processing. 
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Fansteel Metallurgical Corp.— 
Fansteel Metallurgy, March 1958. 
Periodical information on_ nickel- 
plated molybdenum for semiconduc- 
tors. 
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Tung-Sol Electric Ine—Catalog 
on their selenium rectifiers. 
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General Electric Co. — Catalog 
ECG-293. Computer-industrial tran- 
sistors 2N394, 2N395, 2N396 and 
2N397. Characteristics and charac- 
teristic curves. 
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Automatic Mfg., Div. of General 
Instrument Corp.—Technical data 
sheet on silicon power rectifiers. 
Types PT-505 through PT-550. Peak 
inverse voltage range 50 to 500 
volts. D.C. output current 500 ma. 


Circle 91 on Reader Service Card 


Anchor Co., Inc.—Catalog sheet 
on the various high purity elements 
and doped alloys. 
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Continental Electric Co.—Catalog 
on the Cetron photoconductive cells. 
Variety of sizes, sensitivities and re- 
sistances. 


Circle 74 on Reader Service Card 


Radio Receptor Co., Inc.—Catalog 
sheets on their silicon junction 
diodes 1N658 and _ subminiature 
glass gold bonded germanium diodes. 


Circle 90 on Reader Service Card 


United Catalog Publishers—Elec- 
tronic Engineers Master, a new 
master catalog and buying directory 
of electronic equipment, components 
and materials sold directly to origi- 
nal equipment manufacturers and 
other end users. 


Circle 76 on Reader Service Card 


Electronic Research Associates, 
Inc.—Catalog sheet on their tran- 
sistor test equipment. Comparison 
tester, NF meter, alpha-beta tester 
and NF calibrator. 


Circle 77 on Reader Service Card 


Fenwall Electronics, Inc.—Ther- 
mistor probe assemblies for various 
industrial and military specification 
and requirements. 


Circle 78 on Reader Service Card 


Sonotone Corp.—Catalog sheet on 
their sealed sintered-plate, nickel- 
cadmium cell. 


Circle 81 on Reader Service Card 
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Clevite Transistor Products— 
Technical data sheets on their 
germanium PNP power transis- 
tors, gold-bonded silicon-germanium 
diodes, subminiature glass silicon 
diodes, germanium PNP alloy junc- 


tion power transistors. 
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McDowell Electronics, Inc.—Cata- 
log on controlled soldering and braz- 
ing by induction heating. 


Circle 82 on Reader Service Card 


Felker Mfg. Co.—Catalog on 
their precision spindle Felker-U.S.- 
Burke cutting machine, completely 
equipped for slicing and dicing semi- 
conductor and similar materials. 


Circle 83 on Reader Service Card 


Federal Tool Engineering Co.— 


Catalog sheet on their complete 
bench mounted stored energy 
welder. 


Circle 84 on Reader Service Card 


F. J. Stokes Corp.—Catalog sheet 
on their induction heated vacuum 
melting furnace. 


Circle 85 on Reader Service Card 


Weldmatic, Div. of Unitek Corp.— 
Catalog sheets on their welding head 
assemblies and accessories. 


Circle 86 on Reader Service Card 


Sonobond Corp.—Catalog on their 
ultrasonic welding without fusion 
equipment. 


Circle 87 on Reader Service Card 


Raytheon Mfg. Co.—Catalog on 
their new PNP silicon transistors, 
subminiature transistors, — silicon 
rectifiers, silicon and germanium 


diodes. 
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Corning Glass Works—Catalog 
sheet on their all glass enclosures 
for transistors. 


Circle 89 on Reader Service Card 


Microwave Associates Inc.—Micro- 
wave silicon diode brochure 58S. A 
24 page brochure describing micro- 
wave silicon diodes. 


Circle 41 on Reader Service Card 


Kepco Laboratories, Inc.—Catalo | 
on their transistorized voltage regu} 
lated power supplies. 


Circle 92 on Reader Service Card 


Motorola Semiconductor Div. 
Catalog sheets on 2N630 power tran. 
sistor, 1N1575 through 1N1578 
amp. diffused _ silicon rectifi 
1N1569 through 1N1572 axial 1 a 
diffused silicon rectifiers, 2N62§? 
power transistors. f 


Circle 43 on Reader Service Card 


Sarkes-Tarzian—Catalog No. 67 
A completely revised edition of thei 
silicon rectifier handbook. 


Circle 42 on Reader Service Card 


Microwave Associates—Catalog © 
their silicon power rectifiers, micro: 
wave mixer and video diodes. 


Circle 96 on Reader Service Card — 


Industro Transistor Corp.—A new 
transistor specification chart. Also 
contains an interchangeability guide 
covering transistors for computer, 
entertainment and industrial appli- 
cations. 
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Sperry Semiconductor Div.—Cata= 
log sheets on their silicon computer 
diodes, silicon switching diodes, 
switching and high frequency tran- 
sistors. 


Circle 93 on Reader Service Card 

Hermetic Seal Corp.—Catalog om 
transistor and diode closures. 

Circle 94 on Reader Service Card 

Vibration Research Laboratories 


Inc.—Catalog and application notes 
on their subminiature vibrators. 


Circle 95 on Reader Service Card 


Kay Electric Company—Catalog 
on their high accuracy test equip- 
ment covering a complete line © 
applications. 


Circle 99 on Reader Service Card 
CBS-Hytron—Catalog on thei 


NPN high-frequency transistors 
2N438, 2N439 and 2N440. 
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Minneapolis-Honeywell Regulato: 
Co.—Catalog sheets on their powe 


transistors and tetrode power tran 
sistors. ~* 
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ipment for Electrolytic 


ibrid Augmented Cathode 


bre Circuits Transistorized 
h the Silicon Unijunction 


xre Circuits Transistorized 
h the Silicon Unijunction 


liability of Transistorized 


Transistor Tester for the 


ansistor Cut-Off Frequency 


miconductors Shrink Servo 


Applications and 
Industry (AIEE) 
Jan. 1958 


Applications and 
Industry (AIEE) 
Jan. 1958 


Applications and 
Industry (AIEE) 
Jan. 1958 


Applications and 
Industry (AIEE) 
Jan. 1958 


Applications and 
Industry (AIEE) 
Jan. 1958 


Bell Labs Record 
Feb. 1958 


Bell Labs Record 
Feb. 1958 


Bell Labs Record 
Feb. 1958 


Communications & 
Electronics (AIEE) 
Jan. 1958 


History of applications. Discussion of particular 
applications of various types of selenium recti- 
fiers in automotive vehicles. 


Use of silicon power rectifier-cells in an equip- 
ment with an industrial rating of 300 KW at 
250 volts, 


Circuit description, maintenance and _ reliability, 
and performance data on system designed to com- 
pete with motor-generator prototype. 


Description of cell having a current-carrying ca- 
pacity of 265 ma per square inch of rectifying 
area with ordinary convection cooling. 


Discussion of germanium diodes, their construc- 
tion, operation, protection, and application as 
rectifiers. 


Magnetic-core components are powerful new run- 
ning mates for semiconductor devices in the con- 
version of d-c to a-c. 


Mechanism of this phenomenon described as a re- 
sult of recent research studies. 


History and discussion of development of transis- 
tors used in rural telephone systems. 


Generalized Thevenin-Norton Theorems, bias cir- 
cuit analysis, graphical solutions, analytic solution, 
bias stabilization and example. 


Electrical Manufacturing Circuit description of a device for measuring volt- 


Feb. 1958 


Electronic Design 
Jan. 8, 1958 


Electronic Design 
Jan. 22, 1958 


Electronic Equipment 
Jan. 1958 


Electronic Equipment 
Engineering 
Feb. 1958 


Electronic Industries 
Feb. 1958 


Flectronic & Radio 
Engineer (British) 
Feb. 1958 


Electronics 
Jan. 3, 1958 


Electronics 
Jan. 3, 1958 


Electronics 
Jan. 17, 1958 
Electronics 


Jan. 17, 1958 


Electronics 
Fanves 1a L958 


ages over a wide range of levels and frequency. 


Structure and basis characteristics of the unijunc- 
tion transistor. 


Practical characteristics and circuitry. 


A ‘new approach toward evaluating the failure rate 
in transistorized equipment. 


Discussion on negative feedback for transistor 
amplifier. Equations based on various feedback 
parameters are presented. 


Description of a carefully designed transistor tester 
for checking transistor parameters. 


The variation of cut-off frequency with collector 
voltage is calculated from known physical relation- 
ships for the transistor. 


Velocity-type servo system network design is based 
on constant-current driving source and low-impe- 
dence load conditions imposed by transistor oper- 
ation. 


Four transistors in portable radio do work of five 
as 2nd i-f stage doubles as audio amplifier. 


Circuits which numerically translate input informa- 
tion and present modified output information use 
alloy-junction transistors. 


Emitter-to-base circuit of transistor has character- 
istics comparable to ordinary diode. 


Colpitts circuit, employing one germanium tran- 
sistor and one Zener diode, operates from a labora- 
tory regulated power supply to maintain a sine- 
wave of precise amplitude. 
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P. L. Schmidt 


A. G. Chynoweth 


I. C. Savadelis 


H. Hellerman 


E. J. Peterman 


Brown 
Sylvan 
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ih 


Brown 
Sylvan 
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ne 


M. Ross 


R. B. Hurley 


R. A. Hempel 


W. L. Stephenson 


H. L. Aronson 
Wm. R. Lamb 


E. Gottlieb 


Cc. S. Warren 
W. G. Rumble 
W. A. Helbig 


A. Gill 


L. H. Dulberger 
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TITLE 


Transistorized P-A System 
Adjusts to Aircraft Noise 


Designing Stability into 
Transistor Circuits 


Transistor Formulas Use 
h-Matrix Parameters 


D-C Transistor Amplifier for 
High Impedance Input 


Effects of Low Temperatures 
on Transistor Characteristics 


Magnetic-Recording-Head 
Selection Switch 


The AN-ASN-9: A Compact 
Minimum-Weight DR 
Navigational Computer 


A Transistorized Decade 
Amplifier for Low-Level 
Audio-Frequency 
Applications 


Recent Advances in Lumines- 
cence (Cathodoluminescence 
and Electroluminescence) 


Progress in Cadmium Sulfide 


Simulation of Transistor 
Switching Circuits on the 
IBM 704 


A Wide-Band Bridge Yielding 
Directly the Device Parameters 
of Junction Transistors 


High Field Emission in 
Germanium Point-Contact 
Diodes 


Germanium Power Switching 
Devices 


Three-Terminal P-N-P-N 
Transistor Switches 


A New High Current Mode 
of Transistor Operation 


The “Thyristor”’—A New High 
Speed Switching Transistor 


Field Emission from Silicon 


Analysis of the Effect of 
Nuclear Radiation on 
Transistors 
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PUBLICATION 


Electronics 
Feb. 14, 1958 


Electronics 
Feb. 14, 1958 


Electronics 
Feb. 28, 1958 


Electronics 
Feb. 28, 1958 


IBM Journal of Research 
and Development 
Jan. 1958 


IBM Journal of Research 
and Development 
Jan. 1958 


IRE Transactions on 
Aeronautical and Navi- 
gational Electronics 
Decreto57 


IRE Transactions on 
Audio 
Sept.-Oct. 1957 


IRE Transactions on 
Component Parts 
Dec 1957 


IRE Transactions on 
Component Parts 
Dec. 1957 


IRE Transactions on 
Electronic Computers 
Dec. 1957 


IRE Transactions 
Electron Devices 
Jan. 1958 


on 


IRE Transactions 
Electron Devices 
Jan. 1958 


on 


IRE Transactions 
Electron Devices 
Jan. 1958 


on 


IRE Transactions 
Electron Devices 
Jan. 1958 


on 


IRE Transactions 
Electron Devices 
Jan. 1958 


on 


IRE Transactions 
Electron Devices 
Jan. 1958 


on 


Journal of Applied 
Physics 
Jan. 1958 


Journal of Applied 
Physics 
Jan. 1958 


CONDENSED SUMMARY 


Transistors are used as matching devices to sup- 
plant transformers at input and output, and as elec- 
tronic filters for noise. 


Charts and nomographs simplify. calculation of 
transistor circuit and cooling-facility parameters 
at elevated junction temperatures. 


Charts list formulas for small-signal performance 
in grounded-base, grounded-emitter and grounded- 
collector configurations. 


Amplifier circuit uses double emitter follower and 
grounded emitter voltage amplifier to obtain input 
impedance of 0.4 megohm. 


The four-pole parameters of a group of pnp tran- 
sistors are measured and translated into simple 
electrical networks. 


A switch, utilizing transistors, for selecting one out 
of 100 magnetic recording heads for reading or 
writing is described. 


Description of a miniaturized dead-reckoning navi- 
gational computer. Design premises are explained 
and problem solution equations given. 


Design of a small audio frequency amplifier with 
an input resistance of 400,000 ohms, a noise level 
equivalent to SuV at the input terminals, and a 
response down 3 db at 5 cycles and 100 kc. 


Recent developments reviewed also discuss solid- 
state image display devices and solid-state radia- 
tion converters and amplifiers. 


Progress in improvement in efficiency, stability, 
and uniformity of elements used in devices such 
as photocells, gamma detectors, solar generators, 
and photorectifiers. 


When the circuit configuration and the equivalent 
representations of a transistor are known a com- 
puter program can be written to yield circuit per- 
formance and mean values of circuit parameters. 


A method is described for determining on a bridge 
the nine elements of an equivalent circuit for junc- 
tion transistors which is accurate at both low and 
high frequencies. 


The effects have been examined of small changes 


of barrier height on the reverse current of high 
inverse voltage germanium point-contact diodes. 


Principles of operation, fabrication techniques, and 
electrical characteristics of this new device are 
discussed. 


Investigation of the electrical properties of four- 
region silicon structures, with electrical contact 
made to both outer regions and to one of the inner 
base regions. 


Analysis of a new type of solid-state phenomena 
which appears as an abrupt transition to a low 
voltage circuit mode at high current densities under 
appropriate conditions. 


Description of a device which may be operated 
as a bistable element switching to a high conduc- 


tivity mode or as a conventional high frequency 
transistor. 


Field emission patterns were observed using a 
point made of a single crystal of p-type silicon. 


The behavior of germanium transistors in nuclear 
radiation fields is predicted by combining transis- 
for theory and the experimentally observed 
changes in irradiated semiconductors. 


AUTHORS © 


Ue. 1 Tewksbul 
S. Schenkermal 
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: 


A. B. Bereskin 
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L. L. Antes 
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J. Zawels 


G. Wallis 
J. F. Battey 
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H, '¢ Chang 


I. M. Mackintosh 


C. G. Thornton 
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C. W. Mueller 
J. Hilibrand 


L. A. D’Asaro 


J. J. Loferski- 
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TITLE 


SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


ation Discrimination with 
oconducting Crystals 


Yon Crystal Counters 
er to Editor) 


jsurement of the Hall 
bility in n-type germanium 
121 mc. (Letter to Editor) 


omposition Method for 
cing p-n Junctions in 
(Letter to Editor) 


Jorted Layers in Silicon 
duced by Grinding and 
shing (Letter to Editor) 


As:, A Semiconducting 
tmetallic Compound 
tter to Editor) 


ye Effects of Environment 
Fracture Stress of Ger- 
ium (Letter to Editor) 


stter to Editor) 


thing of Germanium Crys- 
i by Ion Bombardment 


meration Recombination 
vise in Intrinsic and Near 
rinsic Germanium Crystals 


rangement of Dislocations 
Plastically Bent Silicon 
stals 


nalog Multiplier Based on the 
all Effect 


»w Temperature Irradiation 
_ n-type Germanium 


n Carrier Accumulation, and 
e Properties of Certain Semi- 
nductor Junctions 


evelopments in Transistor 
ectronics 


ie Use of Electromagnetic 
irring in Zone Refining 


valanche Multiplication and 
ectron Mobility in Indium 
ntimonide at High Electric 
elds 


Journal of Applied 


Physics 
Jan. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of 
Physics 
Feb. 1958 


Journal of Electronics 
and Control 


Jan. 1958 


Journal of Electronics 
and Control (British) 


Jan. 1958 


Journal of Electronics 
and Control 


Feb. 1958 


Journal of Electronics 
and Control (British) 


Feb. 1958 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


Applied 


(British) 


(British) 


A mathematical study has been carried out on the 
discriminatory properties of an array of photo- 


conducting receivers subjected to an influx of 
photons. - 


Discussion of silicon crystal counters using gold- 
doped silicon with resistivities of the order of 10° 
ohm-cm. 


Dual mode resonant cavity is used to make meas- 
urements at room temperature. 


Simple method is described to produce p-n junc- 
tions in compound semiconductors. 


Discussion of method used to determine damage 
in silicon as a result of grinding and polishing. 


Resistivity and rectification characteristics dis- 


cussed. 


Rods are stressed under four-point loading and 
observations made leading to enhancement of frac- 
ture stress. 


A preliminary investigation has been made to de- 
termine the feasibility of growing these materials 
by slowly withdrawing from a melt a disk-shaped 
seed. 


A study is made of the etch effects produced by 
sputtering germanium crystals and bicrystals under 
normal incident low-energy Hgt — ion bombard- 
ment in a low pressure plasma. 


It is shown that the transit time in a photocon- 
ductor cannot be less than the charge relaxation 
or storage time if the photoconductor has contacts 
of the “space charge” or ohmic type. 


Measurements are reported on noise in germanium 
single crystals at temperatures between 300° K and 
450° K. 


Dislocations introduced into single crystals of sili- 
con by plastic bending at an elevated temperature 
have been studied quantitatively by the etch-pit 
technique. 


The Hall effect is shown to be well fitted for elec- 
tronic multiplication of voltages. The use of this 
effect yields a simple instrument with good accuracy 
and speed. 


Studies of irradiation effects on germanium at tem- 
peratures well below that of liquid nitrogen have 
been conducted to examine the thermal stability 
of radiation-induced defects. 


It is shown that a junction between relatively pure 
and relatively impure regions of a semiconductor 
possesses a degree of impermeability to minority 
carriers, which permits carrier accumulation to 
be observed in the slightly doped sections. 


Design theory of point-contact and junction tran- 
sistors is reviewed. Examples illustrate small-signal 
and large-signal properties. 


It is shown that the optimum removal of impurity 
during zone refining may be achieved even at high 
rates of traverse by means of a 400 cps magnetic 
field. 


The current-voltage characteristic of indium anti- 
monide has been measured up to a field of 800 
volts/cm. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


A Transistor Hearing Aid 


Single-Crystal Orientation _ 
Effects in K X-Ray Absorption 
Spectra of Ge 


Intrinsic Optical Absorption 
and the Radiative Recombina- 
tion Lifetime in PbS 


Isotropic Approximation to 
the Magnetoresistance of a 
Multivalley Semiconductor 


Relaxation Time Anistropy 
in n-Type Germanium 


Experimental Study of Spin- 
Lattice Relaxation Times in 
Arsenic-Doped Silicon 


Galvanomagnetic Effects in 
Oriented Single Crystals of 
n-Type Germanium 


Nuclear Magnetic Resonance 
in Semiconductors. III. 
Exchange Broadening in GaAs 
and InAs 


Intrinsic Optical Absorption 
in Germanium-Silicon Alloys 


Quantum Efficiency of 
Photoconductive Lead Sulfide 
Films 


Transient Recombination of 
Excess Carriers in 
Semiconductors 


Electron-Hole Recombination 
Statistics in Semiconductors 
Through Flaws With Many 
Charge Conditions 


Weak Field Magnetoresistance 
in p-Type Silicon 


Present & Future Capabilities 
of Microwave Crystal Receivers 


On the Forward Characteristic 
of Semiconductor Diodes 
(Correspondence) 


Behavior of Noise Figure in 
Junction Transistors 
(Correspondence ) 


The Electrical and Thermal 
Conductivities, Thermoelectric 
Power, Hall and Nernst 
Constants of Amorphous 
Substances with Electron 
Conductivities 
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Philips Technical Review Requirements, details, design considerations of the 


Vol. 19, 1957/58 No. 4 


Physical Review 
Jan. 1, 1958 


Physical Review 
Vande loss 


Physical Review 
Jan. 1, 1958 


Physical Review 
Jan. 15, 1958 


Physical Review 
Jan. 15, 1958 


Physical Review 
Vain, is), Jee 


Physical Review 
Feb. 1, 1958 


Physical Review 
Feb. 1, 1958 


Physical Review 
Reb alos 1958 


Physical Review 
Beban Spa l958 


Physical Review 
Feb. 15, 1958 


Physical Review 
Feb. 15, 1958 


Proceedings of the IRE 


Jan. 1958 


Proceedings of the IRE 


Jan. 1958 


Proceedings of the IRE 


Feb. 1958 


Soviet-Physics-Technical 
Physics Vol. 2-No. 1. 
Translation of Journal 
of Technical Physics 
(USSR) by American 


Institute of Physics 


KL5500 hearing aid. 


The extended fine structure on the short-wave- 
length side of the K X-ray absorption edge of a 
thin single crystal of Ge had been studied for three 
different orientations. 


Measurements indicate that the absorption coeffi- 
cients of PbS crystals range from about 10 cm” 
to 10° cm”, giving continuous data through the 
band edge. 


The magnetoconductivity tensor for a single valley 
is averaged over all orientations of the valley, 
giving an isotropic magnetoconductivity tensor. 


The anistropy parameter is determined from mag- 
netoconductance measurement in the temperature 
range 45°K to 300°K. 


Measurements of the spin-lattice relaxation times 
of arsenic donors in a doped silicon crystal at 8500 
gauss and 1.3°K are reported. 


Measurements of the magnetoresistance, Hall, and 
planar Hall coefficients have been made on ori- 
ented single crystals of n-type Ge at 77° and 
300°K. 


Nuclear magnetic resonance lines have been ob- 
servered for the more abundant isotopes of GaAs 
and InAs. 


The intrinsic optical absorption spectrum for the 
germanium-silicon alloy system has been measured 
as a function of temperature and composition. 


By using photoconductivity measurements it is 
shown that the quantum efficiency of lead sulphide 
films is almost unity. 


The recombination equations for a system con- 
taining an arbitrary number of Shockley Read 
recombination centers are formulated. 


Diagrams which aid in visualizing the relative im- 
portance of the various transitions are presented. 
Some speculation on the nature of trapping centers 
are given. 


Measurements have been made at a number of 
different temperatures between 77°K and 300°K 
on samples ranging in resistance from 0.15 to 
115 ohm-cm, 


The lower limits of receiver noise are explained 
in terms of the fundamental physical constants of 
vacuum tubes and microwave crystal rectifiers. 


Additional formulas are given to represent for- 
ward characteristic of semiconductor diodes up 
to very high operating levels. 


Discussion on modification of noise figure expres- 
sions to include effect of partial correction of the 
emitter and collector noise generators. 


The temperature dependence of various kinetic 
ae re for amorphous conductors is calcu- 
ated. 


P. Blom 
P. Boxman 


J. M. Hussaini — 
S. T. Stephenson 


W. W. Scanlon 


R. W. Keyes 
C. Goldberg 


J. W. Culvahou 
F. M. Pipkin 


W. M. Bullis 


. G. Shulman 
J. Wyluda 
J. Hrostowskil 


aa 


R. Braunstein 
A. R. Moore 
F. Herman 


H. E. Spencer 
G. K. Wertheim — 


Chih-Tang Sah 
W. Shockley 


D. Long 
J. Myers 


C. T. McCoy 
H. L. Armstrong 
W.N. Coffey 


A. I. Gubanev 
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CHARACTERISTICS 
CHART 
of NEW TRANSISTORS 


SEMICONDUCTOR Propucts believes that a tabulation of the new transistors re- 
leased every four months will be of special interest to its readers. The second of | 
these tabulations, for the period Noy. 1, 1957 to Feb. 28, 1958, is presented here— 
in type number order and indicating the major characteristics along with the 
manufacturers of each type. The characteristic symbols are those recommended | 
by the LR.E. 

In the comparatively few years since their inception, transistors have indeed 
made rapid strides, and it will be noted that in this tabulation, alone, 167 new 
transistors are included. The characteristics of JETEC registered types are those 
supplied by the manufacturer of this registered type. This listing is intended 
| merely as a guide; complete specifications, prices, and availability should be 
_ obtained direct from the manufacturers. 


MANUFACTURERS 


(In Order of Code Letters) 


| 


i\MP— Amperex Electronic Corp. MUL— Mullard Ltd. 
sEN— Bendix Aviation Corp. NPC— Nucleonics Products Co. 
= Bogue Electric Mfg. Co. PHI— Philco Corp., Lansdale Tube Co. 
3THB— British Thomson-Houston Export Co., Ltd. PYEB— Pye Industrial Electronics, Ltd. 
SBS— CBS-Hytron RAY— Raytheon Mfg. Co. 
“TP— Clevite Transistor Products, Inc. RCA— Radio Corp. of America, Semiconductor Diy. 
YEL— Delco Radio Div., General Motors Corp. SIE— Siemens & Halske Aktiengesellschaft 
J.EVB— English Electric Valve Co., Ltd. SPR— _ Sprague Electric Co. 
ISEB— Edison Swan Electric Co., Ltd. SYL— Sylvania Electric Products Inc. 
‘THF— French Thomson-Houston Semiconductor Dept. STCB— Standard Telephone & Cables, Ltd. 
xECB— General Electric Co., Ltd. TKAD— Suddeutsche Telefon-Apparate-, Kabel und Draht- 
xE— General Electric Co., Electronics Div. Semiconduc- werke 
tor Prod. TRA— _ Transitron Electronic Corp. 
xtC— General Transistor Corp. TFKG— Telefunken Ltd. 
1UG— Hughes Aircraft Co. TH Taxa tastenents 
eee nvas Ltd. TUN— Tung-Sol Electric, Inc. 


ND— Industro Transistor Corp. 

,CTF— Laboratoire Central de Telecommunications 
MIN— Minneapolis-Honeywell Regulator Co. 
MOT— Motorola, Inc. 


TOK— Tokyo Tsushin Kogyo, Ltd. 
WEC— Western Electric Co., Inc. 
WEST— Westinghouse Electric Corp. 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C Typical Characteristics 


MER, 
use | Tre chia es) 
S { See ERAT- Vv fe atend } 

ane Code | MAT ee eo eae. e a PARAMETER of chart | 
| Below J} | Below J A (mc) and 
°C/W (condition) 


2N235 


Ge 25W 2.0 - 40 = PG 
aRarea xf) ie Ge 14W7 1.5 80 60 .300 hpa(2A) 20 min CTP 
: - = PG 30 Til 
2N339 3 NPN(G) Si 1000 = 55 55 1 
2N340 3 NPN(G) Si 1000 — 85 85 =Sr PG 30 
2N341 3 NPN(G) Si 1000 = 125 85 ==s PG 30 Til 
2N342 3 NPN(G) Si 1000 = 60 60 = PG 30 Til 
2N343 3 NPN(G) Si 1000 = 60 60 = PG 30 Til 
2N350 3 PNP(A) Ge A5W 1.0 40 30 .30 hrz@1A 30 MOT, SYL 
2N351 3. PNP(A) Ge 45W 1.0 40 30 AO hrpp@I1A 45 MOT, SYL 
2N375 3 PNP(A) Ge A5W 1.0 80 65 50 hrz@1A 65 MOT 
2N376 3 PNP(A) Ge 45W. 7 1k0 40 30 .50 hrz@I1A 60 MOT 
2N394 5 PNP(A) Ge 150 400 10 10 5.5 hpp(l--10ma) 20 min GE 
2N395 5 PNP(A) Ge 150 400 15 15 7.0 hrpll--10ma) 25 min GE 
2N396 5 PNP(A) Ge 150 400 20 20 7.0 hrazll--10ma) 30 min GE 
2N397 5 PNP(A) Ge 150 400 10 10 10 hpraxll--10ma) 30 min GE ; 
2N424 3 (D) Si 37.0 60 60 = hrz@1A 8 TRA H 
2N450 5 PNP(A) Ge 150 400 20 12 6.0 hp pll--10ma) 30 min GE 
2N463 3 PNP(A) Ge 37W 2.0 60 60 Akc(/ ae) hyelle-100ma) 83 WEC ; 
2N469° 6 PNP Ge 50 1000 6 a 1.0 AC current gain 10 min GTC 1 
2N471A 2.4 NPN(GD) Si 200 900 30 30 = hye @ 1ma 25 TRA 
2N474A 2,4 NPN(GD) Si 200 900 30 30 == hye @ Ima 50 TRA 
2N479A 2,4. NPN(GD) Si 200 900 30 30 = hye @ Ima 80 TRA 
2N508 2 PNP(A) Ge 140 250 == 16 3.5 hrall--20ma) 125 GE 
2N509 2,4,5  PNP(D) Ge 200 500 30 = 750 hye @ 100mc 15.5 db WEC 
2N518 5 PNP(A) Ge 150 400 45 12 11 hrpll-10ma) 60 min GE 
2N519 5 PNP(A) Ge 110 = 15 15 1.5 hye(lc-1ma) 25 IND 
2N520 5 PNP(A) Ge 110 == 15 12 5.0 hye(Ie-1ma) 40 IND 
2N521 5 PNP(A) Ge 110 = 15 10 10 hye(le-1ma) 70 IND 
2N522 5 PNP(A) Ge 110 = 15 8 20 hye(Ic-1ma) 120 IND 
2N523 “) PNP(A) Ge 110 = 15 6 30 hye(l--1ma) 200 IND 
2N524 2 PNP(A) Ge 240 270 45 30 2.0 hrpll--20ma) 35 GE 
2N525 2 PNP(A) Ge 240 270 45 30 2.5 hrpll.-20ma) 52 GE 
2N526 2 PNP(A) Ge 240 270 45 30 3.0 hrplle-20ma) 73 GE 
2N527 2 PNP(A) Ge 240 270 45 30 33 hr plle-20ma) 91 GE 
2N538 3 PNP(A) Ge a 2.2 80 = 24 hrp(l-2A) 30 MIN 
2N538A Same as 2N538 with additional specs on power conductance & input resistance 
2N539 3 PNP(A) Ge SS 2.2 80 = 30 hrpll_=2A) 43 MIN 
2N539A Same as 2N539 with additional specs on power conductance & input resistance 
2N540 3 PNP(A) Ge aad 2.2 80 —— 38 hrplle-2A) 64 MIN 
2N540A Same as 2N540 with additonal specs on power conductance & input resistance 
2N544 4 PNP({D) Ge 80 1000 18 — 30 hye(Ie-1ma) 60 RCA 
2N553 3 PNP(A) Ge 35W 2.0 80 == f we-20ke hralle-.5A) 55 DEL 
2N554 3 PNP(A) Ge 45W 1.0 30 == 40 hrz@1A 45 MOT 
2N555 3 PNP(A) Ge 45W 1.0 40 30 -40 hrz@1A 45 MOT 
NOTATIONS Under Type . Other 
Under Use ey le A Gesriey c= poets 
1—Low power a-f equal to or less than 50 mw G—Grown 8—IcBo (VcsB = —20) 
2—Medium power a-f > 50 mw and equal to or less than 500 mw ea eroatioy o—Ri aay ti ee 9 
3—Power > 500 mw ise time usec 
PST S—Surface Barrier 10—Rise time —3.5 ,sec 
5—Switching & Computer UNI—Unijunction Transistor 11—Rise time —6.5 usec 
12—Frequency for fab=1 
Under fab 


* Maximum Frequency 
+ Figure of Merit 
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} | | Beta Linearity 
s. Collector Current 


qocaiae, 
2 


Y APPLICATIONS 


MADT FAMIL 


Oscillator Class of Use 
Power Efficiency — a ampli- 
. _tnax_| S557, at 100 oscillat’ Oo mes 
TYPE 250 mcs “ 60 mes | mes (min) 
in) 
2N499 = 


25% at 200 oscillator to 
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Amplifier gains of 10 db at 200 mes 


Here is a major breakthrough in the 
frequency barrier . . . a new family of field- 
flow Micro Alloy Diffused-base Transistors. 
Philco MADT’s extend the range of high 
gain, high frequency amplifiers; high speed 
computers; high gain, wideband amplifiers 
and other critical high frequency circuitry. 
MADT’s are available to various volt- 
age and frequency specifications for design , 
of high performance transistorized equip- 
ment through the entire VHF and part of 
the UHF spectrum. These transistors 
range in f,,,x from 250 mc to as high as 
1000 mc. MADT gains are typically 10 
db at 200 mc and greater than 16 db at 
100 mc. A low cost general purpose unit 
is available which will deliver typically 
18 db at 50 mc and 32 db at 10 me. 


Make Philco your prime source of information 
for high frequency transistor applications. 


Write to Lansdale Tube Company, Division of 
Philco Corporation, Lansdale, Pa., Dept. SC-558 


*Trademark Philco Corporation for Micro Alloy Diffused-base Transistor circle No. 13 on Reader Service Car 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C Typical Characteristics 


Vee Vce fg 
PARAMETER 
c (mc) and VALUE 
(condition) 


MER, 
se) {°S ena | 
| fe of chart | 
| Below J 


— ip- 52 SYL 
EAS 5 NPN Ge 100 600 25 iz a hes peas. a 
2N557)! 5 NPN Ge 100 600 20 FE 
2N558"° 5 NPN Ge 100 600 15 a oe hypllp-1ma) 2 ae wee 
2N560 &}, 4) ~ (D) Si 600 250 60 60 55 hte @ 10mc 1 ne 
2N563 2 PNP Ge 150 400 30 25 80 hralle-1ma) 25 an 
2N564 2 PNP Ge 120 500 30 25 .80 hrall--1ma) 25 T 
2N565 2 PNP Ge 150 400 30 25 1.0 hpaxll--1ma) 55 GTC 
2N566 2 PNP Ge 120 500 30 25 1.0 hrzll.-1ma) 55 GTC 
2N567 2 PNP Ge 150 400 30 25 i) hrp(l.-1ma) 100 GTC 
2N568 2 PNP Ge 120 500 30 24s) 1,5 hrall--1ma) 100 GTC 
2N569 2 PNP. Ge 150 400 30 20 2.0 hrall--1ma) 150 GTC 
2N570 2 PNP Ge 120 500 30 20 2.0 hrazll--1ma) 150 GTC 
2N571 2 PNP Ge 150 400 25 10 3.0 hraxll--1ma) 200 GTC 
2N572 2 PNP Ge 120 500 25 10 3.0 hralle-1ma) 200 GTC 
2N574 3 PNP(A) “ Ge = 0.7 60 — .08 hrpll.-15A) 12 MIN 
2N574A 3 PNP(A) Ge = 0.7 80 — .08 hrplle-15A) 12 MIN 
2N575 3 PNP(A) Ge = 0.7 60 = 125 hrpxll--30A) 10 MIN 
2N575A 3 PNP(A) Ge = 0.7 80 = Ai 229) hrp(l--30A) 10 MIN 
2N576° = NPN Ge 200 375 20 ae a hrpzll--400ma) 40 SYL 
2N578 : 5 PNP(A) Ge 120 ad 20 14 5.0 hrzl(l--400ma) 15 RCA 
2N579 5 PNP(A) Ge 120 = 20 14 8.0 hp p(I,-400ma) 30 RCA I 
2N580 5 PNP(A) Ge 120 == 20 14 15 hrpll.-400ma) 45 RCA ~<h 
2N581 5 PNP(A) Ge 80 = 18 15 8.0 hrp(l--20ma) 65 RCA ; 
2N582 5 PNP(A) Ge 120 = 25 14 18 hrpll.-20ma) 60 RCA ; 
2N583 5 PNP(A) Ge 80 oa 18 15 8.0 hrxll.-20ma) 65 RCA 
2N584 5 PNP(A) Ge 120 — 25 14 18 hrp(l--20ma) 60 RCA , 
2N585 5 NPN(A) Ge 120 = 25 24 5.0 hrr(lp-1ma) 40 RCA 
2N587° 3 NPN Ge 150 400 40 —= <= hrp(le-200ma) 20 min SYL 
2N588 4 PNP(MD) Ge 80 = 20 18 *200min PG @ 50mc 13 PHI 
2N589 3 PNP(A) Ge 37.5W 2.0 100 100 fae-6ke hrarll.5V, 2.5A) 20 min PHI 
2N592 5 PNP. Ge 125 500 20 20 40 hrp(le-1ma) 40 GTC | 
2N593 5 PNP Ge 125 500 40 30 -60 hrax(l.-1ma) 80 GTC : 
2N594 5 NPN Ge 100 600 20 20 1.5 hralle-1ma) 30 GTC 
2N595 5 NPN Ge 100 600 15 US) 3.0 min hrarlle-1ma) 45 GTC 
2N596 5) NPN Ge 100 600 10 10 5.0 min hrz(le-1ma) 60 GTC 
2N597 4,5 PNP(A) Ge 250 CR 30 20 45 hraul(lV, 100ma) 40 PHI 
2N598 5 PNP(A) Ge 250 =x 30 20 WS hral(lV, 100ma) 100 PHI 
2N599 5 PNP(A) Ge 250 = 30 20 15? hral(lV, 100ma) 120 PHI 
2N602 5 PNP Ge 120 500 40 c= — Gain X BW 20 GTC 
2N603 5 PNP Ge 120 500 40 = a= Gain X BW 40 GTC 
2N604 5 PNP Ge 120 500 40 = — Gain X BW 60 GTC 
2N605 4 PNP Ge 120 500 30 ae == PG @ 2mc 20 GTC 
2N606 4 PNP Ge 120 500 30 = = PG @ 2mc 24 GTC 
2N607 4 PNP Ge 120 500 30 == = PG @ 2mc 28 GTC en 
NOTATIONS Under Type Other | 
Under Use D—bithieed or Drift Fao ee 
1—Low power a-f equal to or less than 50 mw MoMitraliae 8—IcB0 oe —20) 
Ar Da ADS lee > 50 mw and equal to or less than 500 mw — Other 9-Ricg: fhe 25 ena 
7TH OT, S—Surface Barrier : 10—Rise time —3.5 ,sec 
Be suitching s Computer UNI—Unijunction Transistor 11—Rise time —6.5 ,sec 
12—Frequency for fab==4 


Under fab 


* Maximum Frequency 
tt Figure of Merit 
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TYPICAL VALUE 


CHARACTERISTIC CONDITION 


Ver = —6V 


PHILCO 


Current Amplification 


Factor, hfe I; = 1ma 
i Current Amplification) Vez = —0.5v 
Factor, hye I, = —15ma 


Output Capacitance, 
Cob ; 

Maximum Frequency 
of Oscillation, 
fos max. 


ilicon Transistors 


2N495 — 2N496 


Frequency for Beta 
= t, f,* 


Cutoff Current, 
Ino or Teno 


Ven or Ven = —10 v].001 pa|.001 pa 


For outstanding performance 
at high junction temperatures 


Excellent performance at Temperatures 
from —65° C to +140° C 


Maximum Power Maximum Collector Voltage 2N495—25 V 
Dissipation—150 mw 2N496—10 V 


"f_ (the frequency at which beta is unity) is typically 
85% of the alpha cutoff frequency. 


eels a 


Typical V, — I, in 


to 


(Saturation Region) 


Collector Saturation Voltage of 0.1 Volt 
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Maximum Frequency of Oscillation in 
the 15 Megacycle Range 
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new Philco PNP Surface Alloy Silicon Transistors permit transistori- 
of circuits where high ambient temperatures are encountered. 

> 2N495 is a general purpose silicon transistor, with excellent per- 
ce and reliability in amplifier and oscillator applications at frequencies 
h 15 mc. Units are rated at 150 mw total dissipation with a collector 
> rating of 25v. cas ae 

e 2N496 is specifically designed for high speed switching circuits . . . 
ically over 17 mc. This unit gives the designer the advantages of low 
ion, low voltage operation and minimum load impedance even at 
mM temperatures as high as 140° C. 


20 40 60 00 120 140 


T;—Junction Temperature °C 


80 


>hilco your prime source for information and prices on silicon transistors. 
Write Dept. SC-558 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 


USE 
{ See | 


Code 
| Below J 


Max. Ratings @ 25° C 


Pc 


(mw) 


DERAT- 
ING 


°C/W 


Vee 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Typical Characteristics 
£8 


Vce 
PARAMETER 

(mc) and 
(condition) 


2N608 4 PNP Ge 120 500 30 — — PG @ 2mc 32 GTC 
2N609° 2 PNP(A) Ge 180 350 —25 —20 1.8 hr p(l--100ma) 90 WEST 
2N610° 2 PNP(A) Ge 180 350 —25 —20 1.5 hyapll--100ma) 70 WEST 
2N6118 2 PNP(A) Ge 180 350 —25 —20 1.1 hpp(le-100ma) 50 WEST 
2N612° 2 PNP(A) Ge 180 350 —25 —20 60 hfe(le-1ma) 40 WEST 
2N613° 2 PNP(A) Ge 180 350 —25 —20 85 hye(l--5ma) 60 WEST 
2N618 3 PNP(A) Ge A5W 1.0 80 65 .50 hrpge@1A 90 MOT 
2N619 1 NPN(A) Si 380 350 50 40 200 hfe @ 5ma 14 RAY 
2N620 1 NPN(A) Si 380 350 50 30 350 hfe @ 5ma 24 RAY 
2N621 ] NPN(A) Si 380 350 50 20 500 hye @ 5ma 50 RAY 
2N622 1 NPN(A) Si 380 350 50 20 300 hfe @ 5ma 30 RAY 
2N623 4 PNP(D) Ge 40 1000 30 15 200* hpp(l--2ma) 35 Til 
2N627 3 PNP(A) Ge 55W = 10 40 30 40 hrz@10A 20 MOT 
2N628 3 PNP(A) Ge 55W «i100 60 45 AO hrz@10A 20 MOT 
2N629 3 PNP(A) Ge 55W 1.0 80 60 40 hrz@10A 20 MOT 
2N630 3 PNP(A) Ge 55W 1.0 100 75 40 *hpp@10A 20 MOT 
2N637 3 PNP Ge 25W 2.0 = 40 =e hrpl(l--3A) 45 BEN 
2N637A 3 PNP Ge 25W 2.0 == 70 = hrpll--3A) 45 BEN 
2N637B 3 PNP Ge 25W 2.0 == 80 = hrplle-3A) 45 BEN 
2N638 3 PNP Ge 25W 2.0 === 40 = hpplle-3A) 30 BEN 
2N638A 3 PNP Ge 25W 2.0 = 70 — hypll--3A) 30 BEN 
2N638B 3 PNP Ge 25W 2.0 <= 80 —_— hrpl(l--3A) 30 BEN 
2N639 3 PNP Ge 25W 2.0 — 40 — hrp(l-3A) 22 BEN 
2N639A 3 PNP Ge DONV aeee.O = 70 — hrpl(le-3A) 22 BEN 
2N639B 3 PNP Ge 25W 2.0 aa 80 _— hrpll-3A) 22 BEN i 
3N36 4 NPN(O) Ge 30 2000 uf 6 100 hrz 12.5 GE 4 
3N37 4 NPN(O) Ge 30 2000 Zi 6 90 min | hre 9 GE 3 
B-134 3 PNP Ge SOW 1.5 == 40 — hrall.-10A) 40 BEN | 
B-134A 3 PNP Ge 50W 1.5 = 70 “= hralle-10A) 40 BEN 
B-134B 3 PNP Ge SOWa ro: = 80 m= hralle-10A) 40 BEN 
CK13 4 PNP(A) Ge 80 750 = 18 3.0 hye(le-1ma) 30 RAY 1 
CK14 4 PNP(A) Ge 80 750 oS 13 5.0 hye(le-1ma) 60 RAY 
CK16 4 PNP(A) Ge 80 750 = 12 10 hye(le-1ma) 80 RAY 
CK17 4 PNP(A) Ge 80 750 — 10 20 hye(le-1ma) 140 RAY 
CK22 1 PNP(A) Ge 80 750 == 20 .80 hye(le-1ma) 90 RAY 
CK25 5 PNP(A) Ge 80 750 — 20 4.0 hfe(l--30ma) 30 RAY 
CK26 5 PNP(A) Ge 80 750 == 18 6.0 H ra(l.-40ma) 40 RAY 
CK27 5) PNP(A) Ge 80 750 m= 15 11 H ppll--55ma) 55 RAY 
CK28 5 PNP(A) Ge 80 750 == 12 We Hrpl(l--80ma) 80 RAY 
CK64 1 PNP(A) Ge 80 750 — 40 70 hyelle-1ma) 22 RAY 
CK65 1 PNP(A) Ge 80 750 a 30 .80 hye(le-1ma) 45 RAY 
CK66 1 PNP(A) Ge 80 750 — 20 1.0 hye(le-1ma) 90 RAY 
CK67 1 PNP(A) Ge 80 750 — 6) eZ hye(le-1ma) 180 RAY 
CTP1127 3 PNP Ge 14W7 1.5 80 60 -300 hrp(2A) 20 min CTP 
NOTATIONS Under Type Other 

Under Use ‘B—oiftuced or Drift pare Tes 

pan rey powel a-f caval xo or less than 50 mw Meare hay 8—IcBo Aves = —20) 

Haare: NOIRE = mw and equal to or less than 500 mw Other =— 
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5—Switching & Computer 


Or 
DO 


S—Surface Barrier 
UNI—Unijunction Transistor 


Under fab 
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9—Rise time —2 usec 
10—Rise time —3.5 yusee 
11—Rise time —6.5 ysec 
12—Frequency for fa 


ab=1. 


HIGH CURRENT— 


TRANSISTOR 
| | TYPE 2N393 


TYPICAL INPUT CHARACTERISTIC 
T=25°C 
GROUNDED EMITTER 


PHILCO MICRO-ALLOY 
TRANSISTOR 
TYPE 2N393 


—0.2 —0.4 —0.6 -0.8 —10 —12 -14 -16 -18 —2.0 
BASE CURRENT, I,, IN MA 


—Vce 


PARALLEL 
2N393 


S 
2N393 STAGE 


¢ Exceptionally Good Life Characteristics, 
Reliability and Stability 


e Low Hole Storage 
¢ Low Saturation 


e¢ High Beta at High Currents 


Philco’s new 2N393 transistor is exceptionally well suited to 
the special branching requirements of high speed computer 
circuitry. Wherever multiple circuits must be driven from 
a single unit, the new 2N393 significantly outperforms 
ordinary driven-stage transistors. 

The 2N393 combines high gain with excellent high- 
frequency response at frequencies up to 50 megacycles. Beta 
linearity is extremely good at currents as high as 50 milli- 
amperes. The new 2N393 micro alloy transistor provides 
high frequency switching plus low saturation resistance. 


This new transistor design is particularly well adapted to 
direct-coupled logic circuitry. Polarities of the emitter and 
collector voltages are similar to PNP junction-type transistors. 


Make Philco your prime source for complete transistor appli- 
cation information... 


The 2N393 is also excellent for use in video amplifiers up to one megacycle. 
For complete specifications and prices on the 2N393, write Dept. s-558 


For further information circle No. 15 on Reader Service Card 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C Typical Characteristics 


MER, 


See code } 
Code }14 Code } | MAT | Pc |DERAT-| Vea | Vee Fup at end ; 
Below J} | Below J ING PARAMETER of chart 
j (mw) (mc) and 
°C/W (condition) 


CTP1133 3 PNP Ge 1AW7 1.5 40 40 fve~20ke PG @ 2W 30 CTP 
CTP1135 3,5 PNP Ge 14W7 1.5 40 40 .300 hpp(500ma) 40 min CTP 
CTP1136 3,5 PNP Ge 14W7 1.5 60 60 .300 hpy(500ma) 40 min CTP 
CTP1137 3 PNP Ge 14W7 1.5 40 40 .300 PG @ 2W 34 min CTP 
GA53194 2,4  PNP(D) Ge 200 = 302 = 600 hye @ 100me 14 db WEC 
GF45017 3,5. PNP(A) Gem | 825 a 40 | 40 4.0 hye(le-20ma) 215 WEC 
GFT2006/30 3 PNP(A) Ge 10W 5.0 30 20 A0* PG @ 1.5W 30 TKAD 
GFT2006/60 3 PNP(A) Ge 10W 5.0 60 40 40* PG @ 1.5W 30 TKAD 
GFT2006/90 3 PNP(A) Ge 10W 5.0 90 , 60 40 PG @ 1.5W 30 TKAD 
GFT4012/30 3 PNP(A) Ge 20W 2.5 30—«| 20 30% hp p(le-400ma) 32 TKAD 
GFT4012/60 3 PNP(A) Ge 20W 2.5 60 40 .30* hr pl(le-400ma) 32 TKAD 
HA5020 5 NPN(A) Gen 300 150 20 15 4.0 hr pllc-100ma) 70 HUG 
HA5022 5 NPN(A) Ge 300 150 25 25 4.0 hrpll--100ma) 70 HUG 
HA5023 5 NPN(A) Ge 300 150 20 15 8.0 hrpllo-100ma) 70 HUG 
0Cc30 3 PNP Ge 3600 14 32 32 .30 36 AMP 
$T400 3 (D) Si 60wW  — 60 60 — hpp@2A 15 TRA 
ST401 3 (D) Si 60ow  — A5 45 = hrg@ 2A 20 TRA 
ST402 3 (D) Si 50W — 60 60 = hrp@ 2A 15 TRA 
ST403 3 (D) Si 50W  — 45 45 — hrg@2A 15 TRA 
ST903 2 (G-D) Si 150 = 30 = = hrr @ Ima 16 TRA . 
ST904 2 (G-D) Si 150 — 30 — — hrz @ Ima 31 TRA ‘y 
ST9O4A 2  (G-D) Si 150 _ 30 ae: ae hrz@ Ima 60 TRA } 
3 
ST905 2 (GD) Si 150 a 30 — a= hrz @ 1ma 65 TRA 
ST910 2 (GD) Si 150 = 30 a a hrgz @ 1ma 140 TRA 
TR88 5 PNP(A) Ge 150 == 45 25 1.0 hyelle-1ma) 80 IND 
™R722 2 PNP(A) Ge 150 == 45 20 is hyellc-1ma) 22 IND 
TR764 5 PNP(A) Ge 110 = 20 10 25 - help 1ma) 200 IND 
NOTATIONS Under Type Other 
Under Use D—Bittisea or Drift Jae ee al 
rown i 

Meat power at "56 mn ond caret" or less than 500 mw ‘Mo Merealoy poe eeh ge 

3—Power > 500 mw er 4 9—Rise time —2 usec 

Pmt yi: S—Surface Barrier 10—Rise time —3.5 sec 


5—Switching & Computer UNI—Unijunction Transistor LP teed ry 
Under fab 


* Maximum Frequency 
+ Figure of Merit 


The following manufacturers have announced that they have just begun supplying the indicated pre- 
viously registered transistors. 


General Electric: 2N332, 2N333, 2N335 


Industro: 2N359, 2N360, 2N361, 2N362, 2N363, 2N398, 2N404, 2N422, 2N464. 2N465. 2N4 
2N482, 2N483, 2N485, 2N486 ; om seamen 


RCA: 2N356, 2N357, 2N358 
_ Sprague: 2N128, 2N129, 2N393 


Sylvania: 2N247, 2N301, 2N301A, 2N312, 2N356, 2N357, 2N358, 2N370, 2N371, 2N372, 2N544 
Transitron: 2N117, 2N118, 2N118A, 2N119, 2N389, 2N497, 2N498 


54 SEMICONDUCTOR PRODUCTS e MAY/JUN. 185 


re Voltage Adjuster 
@<epco announces the release of a 
tw Line Voltage Adjuster and 
%pper designed to vary the input 
Gitage for testing the performance 
9 electrical and electronic equip- 
mt. The Line Voltage Adjuster 
Yovides for adjusting and stepping 
#2 line voltage from 95 to 135 volts 
' for any fixed input voltage in 
2 range 95 to 135 volts ac. The 
itput capacity of this unit is 3.5 
VA for input line voltage above 
4 volts. This output capacity de- 
veases linearly to 3 KVA at an in- 
it line voltage of 95 volts. The out- 
it Step Voltage can be adjusted 
om 0 to 40 volts. 


Circle 107 on Reader Service Card 


ener Diodes 


U. S. Semiconductor makes avail- 
ble their Semcor axial lead silicon 
ener diodes which offer all the 
pace and weight advantages of a 
ub-miniature package measuring 
mly .688” x .032”, with a lead length 
'f 114”. They are not position-sensi- 
ive and may be inserted by auto- 
aatic machines on an assembly line 
yasis. An efficient heat-dissipating 
vath from the Zener diode junction 
s built-in. This assures better heat 
ransfer, a conservative power rat- 
ng of up to 200 mw at 25°C, and a 
ligh safety factor in critical applica- 
ions. 


Circle 111 on Reader Service Card 


New Products 


Power Transistors 


A new series of power transistors 
is in production at Philco’s Tran- 
sistor Center. Rated from 1 watt to 
1.2 watts maximum power dissipa- 
tion, the family consists of general 
purpose audio transistors, a 1 mc 
transistor for communication or 
switching applications and a pulse 
amplifier. These transistors will find 
extensive application wherever a 
transistor of high voltage, current, 
and power ratings is required. Re- 
lays requiring 3 amperes at 40 V 
may be operated by a transistor in 
a small studded case with standard 
basing. 


Circle 101 on Reader Service Card 


Subminiature Transistors 


Raytheon announces their new 
subminiature type transistors which 
have a volume only one-fourteenth 
that of the JETEC-30 package. Four 
types, CK25, CK26, CK27 and CK28 
duplicate the electrical charac- 
teristics of the previous Raytheon 
computer types which were an- 
nounced in the larger package. Four 
more types, CK13, CK14, CK16 and 
CK17 are for general purpose rf 
use, four types, CK64, CK65, CK66 
and CK67 are for general purpose 
audio use. CK22 is a low noise audio 
amplifier. The transistors are of the 
fusion-alloy, p-n-p type. 


Circle 112 on Reader Service Card 


Silicon Rectifier 


New “economy-priced” _ silicon 
rectifier (foreground) developed by 
Automatic Manufacturing Division 
of General Instrument Corporation 
for high-volume applications in 
commercial-consumer products, in- 
cluding all types of TV sets, is shown 
in relation to vacuum tube and 
selenium rectifiers. Pricing of the 
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PT series 1s as low as 40 cents to 
$1.50 each in quantity, depending on 
the peak voltage required for the 
application. Rated at 500 milli- 
amperes average rectified current at 
100°C, the eight types in the PT 
series cover a range of 50 to 500 
volts. They are designed with con- 
venient pigtail leads for easy mount- 
ing in any position. 


Circle 109 on Reader Service Card 


Transistors and Diodes 


Great Eastern Manufacturing Co., 
manufacturers of electronic com- 
ponents, announces a complete line 
of transistors and diodes for market- 
ing exclusively through industrial 
jobbers. All items bear the Gemco 
tradename. 


Circle 190 on Reader Service Card 


Switching Transistors 


A line of four new PNP medium 
speed switching transistors having 
less than a twenty per cent change 
in hp, and Ico after four-thousand 
hours storage at 100°C. has been an- 
nounced by the General Electric 
Company. The four new germanium 
transistors have been JETEC type- 
designated 2N394, 2N395, 2N396 and 
2N397. They are designed for use in 
digital computers and other switch- 
ing applications where highly stable 
components are required for maxi- 
mum overall equipment reliability. 

(Continued on page 56) 


59 


for use in ultra high speed non- 
saturated computer applications. 

Featuring a 200 megacycle typical 
maximum frequency of oscillation 
and a 90 megacycle typical alpha 
cutoff frequency, this PNP tran- 
sistor delivers 50 db gain at one 
megacycle and 13 db gain at 50 
megacycles. 


NEW PRODUCTS 


(From page 55) 


The transistors are currently being 
shipped from stock at G.E.’s tran- 
sistor warehouse, Buffalo, N. Y. 


Circle 108 on Reader Service Card 


Circle 115 on Reader Service Card 


High Frequency Transistors Sensistor 


Texas Instruments announces the 
commercial availability of a new 
solid state device—the “Sensistor” 
silicon resistor. The Sensistor has a 
0.7%/°C positive temperature co- 
efficient of resistance. There are two 
configurations of the new “Sensistor” 
silicon resistor. The TM % is an axial 
lead molded device which is linearily 
derated at full load from 100°C to 


A new high frequency diffused 
base germanium transistor was an- 
nounced recently by Texas Instru- 
ments. This device enables manu- 
facturers to realize high gain at high 
frequencies for television i-f’s, radio 
r-f’s, and very high frequency oscil- 
lators. The same transistor, avail- 
able in a JETEC TO-05 outline 
package, is especially well suited 


_ LABORATORY 
PRECISION 


MODEL DT-257 $29500 


®@ Rapid and accurate measurement of static characteristics of ger- 
manium and low-power selenium diodes. 


e Transfer control switches pre-set forward and reverse operating 
points for rapid checking. 


@ Reverse voltages to 150 volts. 
Forward current to 500 ma. 


@ Meter accuracy 2%. 


@ 2/3 size module of TLI Modular Instrumentation 
System. 


TELETRONICS LABORATORY, inc. 


34 KINKEL STREET, WESTBURY, LONG ISLAND, NEW YORK 
For further information circle No. 16 on Reader Service Card 
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150°C. The TC % is encased in g 
TO-5 round-welded package and ig 
derated linearily at full load from 
125°C to 200°C. Both units are im- 
mediately available in commercial 
quantities in standard resistance rat- 
ings ranging from 100 to 1,000 ohms 
at.2p°C, 7 


Circle 116 on Reader Service Card 


Glass Silicon Rectifiers 


Raytheon announces availability ~ 
of 1N645, 1N646, 1N647 and 1N648 © 
tiny glass silicon rectifiers. These - 
have peak inverse ratings from 225 | 
to 500 volts and are capable of han-~ 
dling 400 milliamperes average for- 
ward current at 25°C or 150 milli- 
amperes at 150°C. 


Circle 113 on Reader Service Card : 


Transistor Sockets 


Cinch Mfg. Corp., announces their | 
new Universal transistor sockets for | 
use with 10 varieties of transistor / 
bases. Contacts are beryllium copper | 
gold plated. Contacts may be used 
with either one or two sided 1/16” 
P.W. boards. 


Circle 124 on Reader Service Card 


Cleaning Unit 


The Model DR 125AH ultrasonic 
cleaning unit is being offered by 
Acoustica Associates, Inc. The DR 
125 AH can drive two Model AT 
200T tanks each of more than %4 
gallon capacity, simultaneously, or 
one Model AT 500T large tank of 
2 gallons capacity. The unit produces 
125 watts average, and 500 watts 
peak power output at 40kce and 


jrates from 115V, 50 to 60 cycle 
jut. It may be used for the rapid 
Ganing of transistors, and numer- 
, Other difficult-to-clean items of 
#3 nature. 


t Circle 110 on Reader Service Card 


wer Transistor 


new germanium high voltage 
er transistor has been announced 
} Motorola’s Semiconductor Prod- 
ts Division. The new transistor, 
odel 2N618, has maximum ratings 
) collector to base voltage of 80 
Its, collector current of 3 amps, 
dlector dissipation at 25°C mount- 
% base temperature 45 watts, col- 
stor dissipation at 80°C mounting 
‘se temperature 10 watts, and the 
founded emitter current gain is 
ecified as a minimum of 60 and a 
faximum of 140 at 25°C mounting 
ase temperature. 
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NPN Silicon Control Rectifier 


The GE ZJ39A Silicon Control 
ectifier is a PNPN semiconductor 
consisting of three rectifying junc- 
ions. Features are, completely static 
peration—indefinite life with no 
roblem of wear or noise. High cur- 
ent ratings: 5 amps continuous, 150 
mps peak surge. High PIV’s and 
orward breakover voltages to 300 
volts; will operate directly from the 
ine. Low forward voltage drop— 
ipproximately 1 volt at continuous 
‘ating. High temperature operation 
full 5 amp rating at 100°C stud 
emperature. Extremely fast firing 
and recovery times—approximately 
| microsecond turnon, 3 microsecond 
surnoff. Large power gains—0.01 
watt on control gate switches 1500 
watts on anode. 
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WITH ALPHA UHP* Ultra High Purity DOT MATERIAL 


ONLY THE BEST ARE CHOSEN 


ULTRA HIGH PURITY METALS — continuous spectrographic analyses 
assure purity of elements to 99.999+. 


METALLURGICAL RESEARCH — facilities, trained personnel, and skills 
available for your development problems. 

EXTENSIVE SPECIALIZED EQUIPMENT & FACILITIES — for production of 
specific alloy requirements. 

ALLOYING — atmospheric control, basic melts, and other tech- 
niques guarantee complete uniformity. 

INSPECTION — precise control and measurement of physical 
dimensions and alloy compositions. 

PACKAGING — scientifically cleaned, counted, and packaged. 


BREAK THROUGH the quality barrier on Dot Material SPECIFY 
ALPHA UHP* 


*trademark 


65 WATER ST., JERSEY CITY 4, N. J.— HEnderson 4-6778 
midwest division ALPHA-LOY CORP. ALPHA 


METALS, INC 2248 S. Lumber St., Chicago, Illinois — MOnroe 6-5280 é 
, . 
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» HIGH FREQUENCY 
~ INDUCTION 


HEATING 


y The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of 
electronics as well as the most practical and =“ 
efficient source of heat yet developed for industrial 
heating. ne Rear eae 
If you are interested in induction heating you are invited 
to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 
data and recommendations without any cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 
IN THE MANUFACTURE OF TRANSISTORS 


SOLDERING TRANSISTOR 
ASSEMBLIES 
BY INDUCTION HEATING 


SINGLE CRYSTAL PULLER 


WICKEL SHELL 


GLASS INSULAT: 


General arrangement for pull- 
ing single crystals. Induction 
heating coil is shown surround- 
tinned glass, thus causing ing quartz tube containing 
solder to flow for permanent crucible with molten germa- 
feall @ ‘ium in suitable atmosphere. 

©0000 OOCOOOOOOOOO SO BOO000800000SOOCCO 


MULTIPLE ZONE REFINING 


Concentrator-type coil creates 
high intensity, restricted heat- 
ing at joint of nickel shell and 


2 fo 
Oo 
fe) 
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O° 
©00000000000000000000008 


Induction heating apparatus used in zone refining. The six 
coils shown provide simultaneous molten zones in the ingot 


as it passes through the tube containing the protective 
atmosphere. 


Electronic Tube Generators from 1 kw to-100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL- CATALOG . . . 36 illustrated pages 
packed with ‘valuable information. 


All Lepel equipment is cer- 
tified to comply with the 
requirements of the Feder- 

j al Communications Com- 
mission, 


LEPEL HIGH FREQUENCY LABORATORIES, ING 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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Industry New 


Factory sales of transistors in January and February 
increased considerably over the like months of 1957 
the Electronic Industries Association announced re 
cently. Sales of the semiconductor device in February 
showed a 5 percent increase over January and a 7 
percent increase over the February 1957 level o 
sales. 


1958 Sales 1958 Sales 1957 Sales” 
(units) (dollars) (units) ~ 


January 2,955,247 $6,704,383 1,436,000 
February 3,106,708 6,806,562 1,785,000 — 


TOTAL 6,061,955 $13,510,945 3,221,000 | 


Transistors rugged enough to still work after being” 
shot from a 12-gauge shotgun into a telephone book | 
were displayed by the General Electric Company as + 
a part of General Electric’s exhibit at the Radio 
Engineering Show in the Coliseum. 


Decentralization of the rapidly-expanding Semi-- 
conductor-Components division of Texas Instruments | 
Incorporated for the purpose of improving products: 
and customer services and effecting economies, was: 
announced recently by Mark Shepherd, Jr., TI Vice: 
President in charge of the division. Six new product) 
departments, each with complete responsibility for a: 
group of closely related products, have been formed | 
to comprise the division’s operations under Cecil 
Dotson, Manager of Operations. Organized vertically, 
each department has its own functions of produc-- 
tion, product engineering, product marketing plan-. 
ning, production planning, and related activities. 

These departments and their managers, with posi-: 
tions formerly held in the S-C division, are: Sili-. 
con products—Harry Owens, Germanium products— 
James McDade, Diodes and rectifiers—J. Rodney 
Reese, Special germanium devices—Robert Trent, 
Resistors—Leonard Maguire, and Capacitors—Z. W. 
Pique. 


The 1958 Electron Devices Meeting sponsored by 
the Professional Group on Electron Devices of the 
Institute of Radio Engineers will be held October 30! 
and 31 at the Shoreham Hotel, Washington, D. C. 


From the Philco Technological Center Techre 
Division, Philadelphia, we are advised that the sery- 
ices of the Philco Technological Center are bein 

made available to Government, Industry and quali- 
fied individuals to meet the manpower shortage in 
technology. The correspondence courses offered and 
the technical books are practical, up to date and 
comprehensive. Courses are developed and prepared 
by a staff of experienced writer-instructors. 
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‘itablishment of the RCA Semiconductor and Ma- 
tils Division, responsible for the engineering, 
ufacturing and marketing of semiconductors and 
serials, as well as basic components fabricated 
ffi them, was announced recently by W. Walter 
ts, Executive Vice President, Electronic Com- 
ajonts, Radio Corporation of America. Mr. Watts 
# announced the appointments of Dr. Alan M. 
fiver as General Manager of the new Division, and 
jiiam T. Warrender as General Projects Manager, 


) powerful two way radio is now available with a 
iy transistorized power supply according to an 
ouncement from Motorola Inc. The new “T- 
“ver” equipment includes 60 watt radiophones in 
144-174 mc. band and 50 and 100 watt units in 
§ 25-54 mc. band. Four transistors are used in the 
) watt radio to replace both the vibrator and the 
mamotor. 


wosmic ray, meteorite and temperature informa- 
in now relayed to earth from the globe-girdling Ex- 
rer satellite is being gathered with the help of 
ny tiny silicon transistors (Type 2N328) made by 
ytheon Manufacturing Company. 


A manufacturing plant to keep pace with the 
bidly changing semiconductor industry was re- 
ntly put in operation by the Westinghouse Electric 
irporation. The plant, near Youngwood, Pa., 35 
les southeast of Pittsburgh, is the result of the 
mpany’s decision to enter the field of semiconductor 
vices primarily for power applications. 


Development and start of mass production of 
sonomy-priced” miniature silicon power rectifiers 
cousin” to the transistor in the semiconductor 
mily), designed “to break open the virtually un- 
oped mass market for semiconductors in con- 
mer and commercial products,” was announced 
ently by General Instrument Corporation. Pre- 
ting that General Instrument’s “price break- 
rough” would help open up “a $100,000,000 market 
thin two years for silicon rectifiers” ($20,000,000 
rth of which were produced last year, mainly for 
ilitary and industrial electronic equipment), Board 
Secnan Martin H. Benedek announced that the 
sw commercial-consumer devices will sell for as 
w as 40 cents each in quantity, as compared with 
‘ices of $1.00 to $20.00 for the approximately 180 
her specialized military-industrial types. 


A two-terminal, passive semiconductor component 
aving novel and highly useful characteristics was 
ascribed at the annual convention of the Institute of 
adio Engineers in New York. The experimental de- 
ce, known as a field effect varistor, was developed 
y R. M. Warner, Jr., H. A. Stone and E. I. Doucette 
Bell Telephone Laboratories. This component has 
constant-current feature which makes it ideally 
lited for a current regulator in circuits where either 
.e load or supply voltage vary over wide limits. It 
in also be used as a current limiter or pulse shaper. 
s ac impedance is very high, making it useful as a 
upling choke or an ac switch. 
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TRANSISTOR INDEX 


: Be # 
; i 
‘3% ond tt 
GE Ned es 


ADVANTAGES 


Eleven parameters for sorting 

Provides simple, instantaneous transistor comparison 
Avoids frustrating data sheet searches 

Compact central file of all transistor data 
Transistor selection in less than three minutes 


Quarterly up-dating 


Pays for itself immediately 


The TRANSISTOR INDEX, by utilizing keysort card sort- 
ing techniques, can in seconds sort out all transistors of a 
given characteristic. 


The characteristics of each transistor together with other 
pertinent manufacturing data, are printed on individual cards, 
indexed and cross-referenced by means of holes and slots at 
the edge of the card. 

By merely inserting the sorting needle into the hole corre- 
sponding to the desired characteristic and lifting the needle, a 
selection of ALL transistors bearing those characteristics is 
made. 

The ZECO INDEX contains transistor data from more 
than 20 manufacturers. 

The TRANSISTOR INDEX is updated quarterly by a sub- 
scription service which provides additional cards for new 
transistors and the serial numbers of obsolete transistors, which 
can be removed from the deck. Purchase of the INDEX also 
includes a keysort’ needle and storage box. Quarterly sub- 
scription service is reaewed annually and is ordered as a 
separate item. 


(Inquiries from Manufacturers Representatives are invited.) 
| Caeginoers & 
Zeus ngineering O. 


635 SOUTH KENMORE AVENUE 
LOS ANGELES 5, CALIFORNIA 
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OMPONENTS 
FOR 


SEMI-CONDUCTORS 


@ Advanced manufacturing 
techniques, quality con- 
trol and constant inspec- 
tion throughout the manu- 
facturing cycle guarantee 
unmatched reliability in 
the production of semi- 
conductor alloys and pre- 
forms of all types. 


Our design and production engineers 
are available for consultation on any 
problems you may encounter in the 
realm of semi-conductor alloys. For 
bulletin write or call today. 


No obligation, of course. 


ACCURATE 


SPECIALTIES CO., INC. 


37-13A 57TH STREET © WOODSIDE 77, N.Y. 


© TWINING 9-5757 
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We 
and 


and 


HIGH RELIABILITY 


Fastest delivery in prototypes & Production. 
More to offer in smaller space. First in 
transformer miniaturizing. Field tested. Used 
with transistors by leading manufacturers in 
large quantities. 


MINIATURIZED 
TRANSFORMERS 


for TRANSISTOR CIRCUITRY 


We make the following sizes on short 
notice—or stock 
H W D H W D 
1-1/16 x 1-1/4 x 1 1x 3/4 x 7/8 
1 x 3/4x1 1x 3/4 x 3/4 
H WwW D 
TypesB eon. cones 465.760 ~—-.550 
oe SUbaMininweeeer 400 563 485 
ae Kiger eat et Ake .375 .375 .325 
aa NU aerate sae 307 .376 325 
Vu Via: dnote .246 .376 .325 
elects an crer 263 410 325 


also have still smaller ones—Micron 
Proton types called Super-Sub-Mini. 


Miniaturized—The big difference is that this one 
WORKS. Transistor-Transformer for use in AU- 
TOMATION, SERVO, HEARING-AIDS, 


RADIO, 
TELEPHONES 


Frank Kessler Co., 41-45 47th St., 


LLC 4, N.Y. Tel: Stillwell 4.0263 
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re 


NEW PRODUCTS 


(From page 57) 


Medium Frequency 
Medium Power Transistors 


Philco Corporation has a new 
family of five medium frequency, 
medium power germanium PNP 
alloy junction transistors, designed 
primarily for use in switching cir- 
cuits. This transistor family fea- 
tures excellent beta linearity, high 
maximum collector current ratings 
(400 ma for most types), high maxi- 
mum collector voltage rating (30 V 
Vor), high beta, and low saturation 
resistance. Depending on type, these 
transistors can be used at switching 
rates ranging from 300 kc to 1 me. 


Circle 135 on Reader Service Card 


Miniature Shift Register 


The challenge of volume reduc- 
tion of electronic circuits has been 
answered by the announcement by 
the Sprague Special Products Divi- 
sion of a new micro-miniature shift 
register assembly. Operational over 
a temperature range from —55°C to 
plus 85°C, these epoxy-resin en- 
capsulated units contain one com- 
plete shift register stage, diode in- 
cluded, in a 1%)” x 1%” x 3%” package, 
less than a tenth of a cubic inch in 
volume. Designed to operate with a 
minimum of power, the registers are 
capable of being driven by tran- 
sistors or vacuum tubes. Presently 
available units have maximum 
operating frequency of 100kc and 
output levels of 6 or 15 volts. 
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Crystal Growing Accessories 


Quartz crucibles, tubing, and dis- 
tillation apparatus for use in the 
“growing” of germanium and silicon 
semiconductors were among the 
products displayed by Engelhard In- 
dustries, Inc., at the 1958 IRE Show 
in New York. A very pure silicon 
dioxide quartz must be used to con- 
tain germanium and silicon during 
crystallization, in order to avoid 
contamination of the materials. The 
purity required in these semicon- 
ductor components is so great that 
it is measured in parts per billion. 
Engelhard also showed a radically 
new gold-coating process called 
“Atomex.” Requiring no electricity 
or special apparatus, the process im- 
parts a fine sheath of metal by 
atomic displacement. The coating 
can be used as anti-corrosion pro- 
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tection and as a solder in certaij 
semiconductor applications. 
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High Power Transistor 


Delco Radio announces a hi 
power, high frequency transis 
known as the 2N533. It has soli 
terminals and the container cons 


transistor outline #1. It is a PN 
germanium power transistor it 
tended for military or industrial us 
where high reliability and optimu 
specifications are required. Having” 
low thermal resistance between th 
junction and mounting base (1°C 
watt typical, 2°C/watt, maximum) 
is capable of dissipating 12 watts 
a mounting base temperature 
70°C. 
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Solvents 


Baker & Adamson anol 
their new “Electronic-Grade” sol: 
vents quality controlled by resis 
tivity measurements. This new tech4 
nique, coupled with already stringen’ 
instrument and chemical analysis 
methods, makes possible the con; 


Back Issues of 


“SEMICONDUCTOR 
PRODUCTS” 


ARE STILL AVAILABLE 


You can start your subscription! 
with the JAN/Feb or MAR/Apr i 
issue so your files will be com-: 
plete. Soon these will be ‘‘col-: 


lector’s items” so don’t delay. 


(Single copies are $.75 each). 


Use the Subscription Order Card 


bound into this issue. 


L 
| 
} 
1 of impurities in solvents used 
washing and drying semi-con- 
‘tor crystals to a degree surpass- 

all previous quality standards. 
its conducted under plant produc- 
1 conditions indicate direct corre- 
on between solvent resistivity 
1 percentage of rejects of semi- 
uductor devices. 
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iwer Tetrode Transistor 


inneapolis-Honeywell Regulator 
pany announces a new Power 
ode H200E. The H200E is a ger- 
knium pnp alloyed junction tran- 
ttor, characterized by two separate 
ids to the base, or control layer. 
suble base construction allows for 
= of external biasing circuitry, 
rmitting a high degree of control 
fer the transistor characteristics. 
e Honeywell Power Tetrode is de- 
med to operate from 28-volt col- 
‘tor supplies. The current charac- 
‘istic permits efficient switching of 


to 10 amperes. With proper bias- 
Z and input coupling, it is possible 
tobtain uniform current amplifica- 
pn over a wide current range or, if 
eded, a rising amplification vs. 
jllector current characteristic. 
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antalum Capacitors 


Minitronics Corp. announces their 
2w tantalum type TQ capacitors 

ich operate over the temperature 
nge of —80°C to +85°C with a 
ypacitance variation of only +10%. 
he dissipation factor does not ex- 
sed 0.06 at 120 eps and 25°C. The 
akage current at 25°C is less than 
05 microamperes/mfd./volt or 2.0 
ae peres, whichever is greater, 
1easured after five minutes at rated 
ic working voltage applied through 

1000 ohm resistor to limit the 
harging current. The Type TQ is a 
jolarized capacitor to be used where 
re) reversal of potential occurs. The 
ase is the negative terminal. 
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silicon Rectifiers 


LT. & T. announces their type HE- 
500 Federal silicon rectifiers. Maxi- 
num ratings —55°C. to 100°C. 
ambient. Peak inverse voltage 400 
volts. Average d-c rectified current 
500 milliamperes. Surge current at 
200 millisecond maximum 35 am- 
peres. Recurrent peak current 5 
amperes. For medium power supply 
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applications: 1 ampere resistive load 
at 100°C ambient. 100 to 600 peak 
inverse volts. Suitable for replace- 
ment of tube and metallic type rec- 
tifiers with minor circuit modifica- 
tions. 
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Wafering Machine 


Micromech Mfg. Corp., announces 
their micromatic precision wafering 
machine. The fully automatic model 
WM<A is designed specifically for that 
branch of the electronic industry 
which processes semiconductor ma- 
terials used in transistors and diodes. 
Very thin slicing as well as dicing of 
any hard, difficult-to-work material, 
can be accomplished with a high 
degree of accuracy and speed. Using 
a 4”, 5” or 6” diameter wheel, it pro- 
duces wafers consistent in thickness 
and parallelism to within a .0005” 
total variation. 
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General Purpose Transistor 


Sperry Semiconductor Division 
announces their general purpose S- 
520 transistor designed for medium 
speed computer circuits and general 
amplifier operator applications. Fea- 
tures of this device are high tem- 
perature operation (140°C), medium 
frequency operation (F,.. = 1 mc), 
and 150 mw power dissipation with a 
collector voltage of —30 volts. 
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Radio and Computer Transistors 


Industro features a complete line 
of PNP germanium radio and com- 
puter transistors. One of the services 
rendered by this company is a bro- 
chure containing circuitry for tran- 
sistor radios, with accompanying 
coils, transformers, and other com- 
ponent specifications. A transistor 
interchangeability guide is also made 
available. 
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Microwave Crystal Diodes 


Kemtron Electron Products, Inc., 
manufactures a complete line of 
diodes including microwave sele- 
nium crystal diodes. The Kemtron 
microwave selenium diode plays an 
important part in the centimeter- 
wave radars and in many microwave 
systems where efficient detection or 
conversion in the kilo-megacycle 
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TANTALYTIC. 
CAPACITORS 


think of 
Nehweber 


IN STOCK—OVER 250 DIFFERENT 
RATINGS polar and non-polar types. 


SOLID ELECTROLYTIC 
—80°C to +85°C 

Available up to 60 volts 
Smaller size Higher stability 
Lower temperature 

Low impedance at 

higher frequencies 
Untimited shelf life 


—— = 


high temperature, 

miniaturized high 

reliability. Designed for 
cramped quarters. 


+125. 

Permits maximum 
flexibility in chassis 
arrangement in 
minimum space. High 
temperature, long 
life. 


KSR 

King Size 

Rectangular 

New designs 

provide up to 

40% reduction 

in weight, and 

30% reduction in 

required space, 

when compared to other foil tantalum 
units. Packs a lot in a little space. 
Costs less per volt-microfarad. 


We know you will appreciate a supplier who 
sells TANTALUM CAPACITORS as a MAIN 
LINE instead of a side line! Send for our 
latest specially prepared GE Tantalytic® 
bulletin. 


Ee Schweber_£cecrRowics 
g 60 HERRICKS ROAD — MINEOLA, L.1., N.Y. 
PIONEER 6-6520 
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If the cost of metal stampings and wire 
forms figures in your profit picture, let 
us give you a quotation on your current 
components. Send us a sample or blue- 
print. . . and discover how big savings 
in time and production costs, big gains 
in precision and uniformity are possible 
on small components, when Art Wire 
tackles the job! 


Our engineering staff, our production 
experience, and our modern high speed 
equipment are always at your disposal. 
If you wish to learn more about what a 
wide and versatile range of shapes and 
parts we can produce for you—at lower 
cost than you’d guess—just write for 
our illustrated folder. 


29 Boyden Place, Newark 2, N. J. 
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range is desired. These complex de- 
vices are designed for use as non- 
linear circuit elements for frequency 
conversion, r-f and video detection, 
rectification, modulation and har- 
monic generation. 
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Temperature Probes 


Veco Lox (Liquid Oxygen) Tem- 
perature probes utilizing glass en- 
closed bead thermistors with re- 
sistance values of 50,000 to 500,000 
ohms at —195.8°C were exhibited 
by Veco at the IRE Show. Also 
exhibited was the Veco Tap-A- 
Therm, which is a single thermistor 
with a multiplicity of tapped re- 
sistance values. A third new item 
that aroused considerable enthu- 
siam and interest was the Veco 
Compactrol, an ultra sensitive elec- 
tronic control capable of handling an 
output of 41%4 horsepower with an 
input signal of only %4 millionth of 
one watt! 
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Tantalum Capacitors 


Kemet announces their solid 
tantalum capacitors which are ap- 
plicable in transistor amplifiers 
where low circuit impedance de- 
mands high capacitance, low leakage 
and small size. May be used for 
coupling, bypass filters and similar 
applications. 
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Transistor Stems 


Zell Products Corp., announces 
their JETEC 30 transistor stems 
which meet the rigid specifications 
of the military and industry. Bend 
Test: three 90° bends with one 
pound weight. Twist Test: three 180° 
arcs. Leak Test: Mass spectrometer, 
Dy-Check and Zyglo. Etched Test: 
To withstand etching in CP4 solu- 
tions, nitric hydrofluoric combina- 
tions, peroxide solutions, etc. Plate 
Adherence Test: mandrel test on 
leads. Corrosion Test: boiling water. 
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Selenium and Copper 
Oxide Rectifiers 


Bradley Laboratories provides a 
line of selenium and copper oxide 
rectifiers, diodes, modulators and arc 
suppressors. The selenium and 
copper oxide devices are provided in 


NORTH HILL’s moves cc. 


Constant Current 


1ma to 30 amps 


b> Rapid manual or automatic switching 
to desired current levels. 


b> High accuracy and stability. 


b> Current can be electronically switched, 
pulsed, swept, modulated and programmed, 


Ideal for Rapid Testing of: 
b> Semiconductors 

b> Electromagnetic Components 

b> Other Current-Sensitive Devices 


e Model CG-1 1ma—600 ma 
@ Model CG-11 Transistorized .05 — 5 amps | 
© Model CG-12 Transistorized .5 — 30 amps} 


For further data, 
write for Bulletin E-1M 


i NORTH HILLS ELECTRIC CO., INC. 


402 Sagamore Ave., Mineola, N.Y., Pi 7-0555 


Presents: 
A Complete Line Of 


Semi-Conductor Products 
including 
Crystal Diodes, Transistors 
and Microwave Crystal Diodes 


at the 
ELECTRONIC PARTS DISTRIBUTORS SHOW 


Conrad Hilton Hotel, Chicago, Ill. 
May 19, 20 & 21 


ROOM 668 


Free Brochure Available 


Great Eastern M’fg Co. 
B‘klyn 12, N. Y. 
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ariety of basic types of construc- 
)jn. Current ratings of the selenium 
‘vices range from microamperes to 


Wvidual cells are available with 
*}, 33-, and 45-volt rms ratings. 
| the copper oxide group half wave 


mwres. 


iansistor Rise Time 
sting Unit 

ts Tektronix Inc., features their type 
» /54R transistor rise time unit. The 
nit can be used in all Tektronix 
Iiscilloscopes with the plug-in fea- 
ure when operated on 50 to 60 cycle 
ne frequency. It supplies a fast- 
ising pulse and the required supply 
hid bias voltages for measurement 
i transistor rise, fall, delay, and 
forage times. Rise time of the pulse 
Gipplied by the Type 53/54R is less 
an 5 millimicroseconds, therefore 
easurement limitations will de- 
2nd mainly on the rise time of the 
scilloscope used. 
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lapsed Time Indicators 


' The Simpson Electric Company of 
thicago, Illinois recently announced 
ae addition of New Elapsed Time 
dicators to their large stock of 
anel instruments. The new Elapsed 
‘ime Indicators are available in the 
amiliar 344” round (Model 55ET), 
%” round shroud (Model 56ET), 
nd 314” rectangular (Model 57ET) 
ase styling to match other Simpson 
yvanel instruments. 
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igh Temperature Magnet Wire 


Realizing a need for magnet wire 
for high temperature relay use, 
Secon Metals Corp., production and 
jJevelopment metallurgists, has de- 
veloped two new types of high-tem- 
perature magnet wire. One of these 
has a specially bonded refractory in- 
sulation which is rated for continu- 
ous use at 700°F. and for intermit- 
tent use up to 800°F. The other wire 
has a ceramic insulation which is 
rated for continuous use at 1000°F. 
Both of these insulations are nor- 
mally supplied on copper wire. How- 
ever they may be supplied on other 
metals or alloys which have better 
high-temperature characteristics. 
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NO MORE EXPENSIVE BURNOUTS 
WHILE MEASURING RESISTANCE! 


Model 321 is the first and only direct-reading ohmmeter 
usable safely in all transistor circuitry. 


e absolute minimum of loading (under 30 mv to 300 ohms) 

e extreme wide range: 10 milliohms to 10 megohmss in 8 ranges 
e easy-to-read scales—no scale changing 

e 2% accuracy 

e compact: 81/7, x 6x 41/2”. 


Write for literature & prices. 


ELECTRONIC APPLICATIONS 


194 Richmond Hill Avenue, Stamford, Conn. 
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FROM A HANDFUL 
TO A TANKFUL! 


aa OUSTICA 
ULTRASONIC CLEANING EQUIPMENT 
does the job...faster, better, at lower cost! 


The largest standard units available for: 
degreasing, descaling, flux removal, decontaminating. 
= Ideal for rapid cleaning of intricate parts...penetrates most inaccessible crevices 


in complete turbine assemblies, jet engines, engine blocks, 
reactor rods, racks of precision parts, including bearings, crankshafts, gears, lenses. 


™ Stock units available from 34 gallon to 150 gallon. 
™ Larger units and conveyorized ultrasonic cleaning systems built to your specifications. 
™ Nationwide service organization. 


Write for the name of nearest representative and descriptive literature 


26 WINDSOR AVE., MINEOLA, NEW YORK 
11601 W. JEFFERSON BLVD., CULVER CITY, CALIF. 


f COUSTICA 
tH ASSOCIATES, INC. 
Ae 7 
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to choose 
the right 
power 


supply 


ELECTRONIC MEASUREMENTS CO., Inc. 


2a@  ¢ 


@ For research... transistors... automa- 
tion... strain gauges . . . obviously, no 
power supply will do every job. That’s why 
E/M Regulated-Power Supplies are applica- 
tion-engineered. 

Before you make a choice, send for a 
personal copy of Bulletin No. 350. A wide 
variety of standard models are described, 
ranging from the popular Model 212A (with 
a 0—100 V de output) to the extra-heavy- 
duty 1000 volt units. Current ratings go as 
high as 15 amperes. 

And if you’re looking for “A 
New Approach to Practical Con- 
trol” . . . make sure you also 
request Bulletin No. 765. 


For the latest in power supply developments 
visit Booths 3837 and 3839 at the IRE Show. 


Eatontown e New Jersey 
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for all SEMI-CONDUCTORS... 


made of ULTRA- 
_HIGH PURITY 
metals & alloys to 
99.999% and of 
regular Grade A 


metals & alloys 


ANCHOR Metal Co., Inc. sP-5 


966 Meeker Ave., Brooklyn 22, N.Y. 

() Send FREE literature on your 
solder microforms for semi- 
conductors. 

(J Have your representative call 
for an appointment. 


Name. 


Title 


Firm 


Address 


City 


Soles. ee 


Zone__ 


ANCHOR... FIRST to pioneer the development of solder 
metals & alloys for the semi-conductor field. Made from 
indium, indium-gallium, indium-gold, indium-tin, indium- 
lead, gold-antimony, gold-gallium, tin, tin-antimony, tin- 
lead, tin-arsenic, lead-antimony, lead-arsenic, aluminum, 


aluminum-tin, platinum, and others. From “'stock’’ or to 
your specification. ‘ 


Send us your problem — our engineers are glad to 
help you, Fill in the coupon 


LANCHOR Metal Co., Inc. 
966 Meeker Ave., Brooklyn 22, N. Y. 
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Index to 


| 

Advertisers : 
Accurate Specialties Co., Inc. ... 60 
Acoustica Associates, Inc. ...... 53 | 
Alpha Metals, Inc. ............. 57 | 
Anchor Metal Co., Inc. ......... 64 i 


Art Wire and Stamping Co. .... 62 


Electronic Applications 


- 


Electronic Measurements Co., Inc. 64 


Epoxy Products, Inc. ........-2e¢ 1q 
General Electric Co., Semicon- 

ductor Products Dept. .... 8 & 91 

Great Eastern ai 

Manufacturing Co. ........... 62 | 

q 

Hughes Aircraft Co., 

Semiconductor Division ...... 12 | 


International Business Machines | 


Corporation’ 3, %..2!>...- =. cee iq 
Industro Transistor Corp. ...... 4 
Kessler, Frank, Co. ............. 60 | 


Lansdale Tube Company, Div. of 
Philco Corporation .. 49, 51 & 53 


Lepel High Frequency Labs., Inc. 58 © 


Merck & Co., Inc. . | 
Electronic Chemical Div. 10 & 11 


a 


North Hills Co., Inc. .......:5-8 62 | 


Philco Technological Center ... 6 
Philco Corp., Lansdale Tube 


Coy Dive. sss ee 49, 51 & 53 
Raytheon Manufacturing Co. 

Semiconductor Div. .......... 20 
Schweber Electronics .......... 61. 
Sprague Electric Co. ...... Cover 4) 
Tarzian, Sarkes, Inc. ..... Cover 3 | 
Teletronics Laboratory, Inc. .... 56 | 
Texas Instruments, Inc. ... Cover 2 


United Carbon Products Co., Inc. 13 


Zeus Engineering Co. .......... 597% 


MANUFACTURERS REPRESENTATIVE 
Calling on distributors in the New York 
metropolitan area . . . seeking progressive 
principals who are truly interested in hav- 
ing their products sold. Over thirteen years 
experience in the electronic industry. 

HARRY. N. REIZES 

1473 Sylvia Lane 

East Meadow, L.I., N.Y. 

IV-3-1928 
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Manufacturers’ 


ART CERF & co. Representatives 
LEADING ELECTRONIC LINES 
Regular Coverage - 12 Men 
6 States and District of Columbia 
Phone: Mitchell 2-6734 


744 Broad St. 


NEWARK 2, N. J. 
Manufacturers: Write for descriptive brochure 
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: F] Send Invoice 
Sirs: Please enter my subscription to SEMICONDUCTOR PRODUCTS. 
Start subscription with [|] JAN/Feb or [| MAR/Apr or [|] MAY/June 
(Back issues cannot be sent on orders to be billed until invoice is paid) 


PLEASE PRINT CAREFULLY 


issue. 


Name ..... See cae oe POSTON 


Company . 
Address .. 


. Dept. 


Client Zone . 
Products Mf'’d 


Please Send My Magazines to (if some other address): 


Address 
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* (These rates apply to U.S.A., U.S. Possessions and Canada, 


Elsewhere, add $1 for six issues, $2 for twelve Issues.) 


1250 Watts of Rectified Power 


"Kea we awziscawme J-! Series 


| 
: 
| 
| 


he J Series 
ilicon Rectifiers 


eature ... 
J-2 (ACTUAL SIZE) 


Sma// Size 


Low Forward Drop 


Low Current ay Another result of continuous PROGRESSIVE research and develop- 
Low Cost ment at Tarzian’s, the J series Silicon Rectifiers offer a wide range of 
ratings. Small size and low, low cost allow the use of this series in even 
High Efficiency the most competitive applications. Let competent Tarzian power 
conversion engineers consider your application or send for additional 


Axial Leads LJ] Series) information. 


» Stud Mounting (J-2 Series) 


al. 
J 1 Electrical Ratings J 2 Electrical Ratings’ 


For capacitive motor or battery loads, 
derate d.c, current by 20% 
* with 5” x 5” x Ye" copper heat sink 


.032" DIA. BARE TINNED COPPER WIRE (EACH END) 10-29 
\THo. 032" DIA. BARE TINNED } 
\ COPPER WIRE 
— 


derate d.c. current by 20% 


—— ‘o|2 


Ss 
NEG. END 


DEPT. SP-2 oy Ses 
415 N. COLLEGE AVE. yeas 


NDIANA 
BLO ° MINGTON c 2 In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 « Export: Ad Auriema, Inc., New York City 
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SOLID-ELECTROLYTE 


CAPACITORS 


prompt delivery and 


This solid-electrolyte Tantalex 
Capacitor (shown 1% times actual 
size) is rated at 4.7 LF, 10 volis 
d-c, and is only %" in diameter 


Sprague, the pioneer in the production of 
solid-electrolyte tantalum electrolytic capac- 
itors, now offers prompt delivery on produc- 
tion quantities of all standard ratings. New 
expanded facilities end production delays in 
your assembly of minified transistor circuits. 

Typical of these Tantalex Capacitors is the 
Type 150D shown above. Its tiny sintered 
anode is impregnated with a solid, non- 
corrosive, semi-conductor material which can- 
not leak under any circumstance. It combines 
true miniaturization with electrical stability 
previously unobtainable in an electrolytic 
Capacitor of any type. 

Thermal coefficient of these capacitors is 
sufficiently low and linear so that for the first 
time a circuit designer can think of an electro- 
lytic in terms of parts per million capacitance 
change. Nominal value is + 500 ppm/ °C. The 


DON’T FORGET! — Sprague also offers prompt 
delivery on all other types of tantalum capacitors 
including tubular foil and sintered anode designs. 


by %" long. 


Capacitor may be used without derating over 
a range from + 85°C to as low as —80°C, a 
temperature at which no other electrolytic has 
proved useful. 

Solid construction permits the Type 150D 
to withstand the severe shock and vibration 
encountered in missile and ballistic applica- 
tions. Hermetic sealing makes it completely 
immune to humid atmospheric conditions. 

Complete performance data covering the 
wide range of sizes and ratings are in Engi- 
neering Bulletin 3520B, available on letter- 
head request to the Technical Literature Sec- 
tion, Sprague Electric Company, 467 Marshall 
Street, North Adams, Massachusetts. 

Kak Ook 

Sprague, on request, will provide you with 
complete application engineering service in 
the use of Tantalex Capacitors. 
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the mark of reliability 
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